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INTRODUCTION AND SUMMARY

In July, 1994, Dakota Mining Corporation commissioned a preliminary laboratory 
research program to evaluate chemical oxidation methods to enhance gold recoveries 
from the Gilt Edge sulfide ore. The study was aimed ultimately at determining the 
potential for treating Gilt Edge sulfide ore by chemical oxidation treatment, followed by 
conventional heap leaching. The test work was performed at Colorado Minerals 
Research Institute (CMRI), Golden, Colorado, at the direction of Douglas R. Shaw. 
The work was based on D. R. Shaw’s April 11 and 27, 1994, proposals to Dakota.

The test work was performed on a 200 pound head sample provided by Brohm 
Mining Corporation from a 5,000 ton sample that was used for other work at the Gflt 
Edge mine site. Head assays of the laboratory sample are:

Au, oz/ton: 0.044 (0.046, duplicate)
Ag, oz/ton: 0.21 (0.18, duplicate)
S(total)> 4.84

S2', %: 4.24
Fe, %: 5.53

As, ppm: 128
Cu, ppm: 543

The sample was stage crushed to approximately 90 weight % minus 3/8-inch for 
testing. The chemical oxidation tests, as well as the cyanidation step, being scoping in 
nature, were performed on slurries in bottle leaching tests.

Baseline (non-oxidative) leaching tests showed the cyanide soluble gold and silver 
contents to be 35.9 and 42.6%, respectively, based on 14 days of leaching and a sodium 
cyanide consumption of approximately 5 lb/ton of ore.

Four chemical oxidants were evaluated; namely, ferric sulfate, sodium chlorate, 
ferric chloride, and nitric acid. The test results showed that nitric acid, by far, was the 
most effective oxidant and resulted in gold and silver dissolutions in the cyanidation step 
of approximately 77.5% and 67%, respectively. Salient comparative test data were as 
follows.

Oxidant
Sulfide 

Oxidation, %
Oxidation 
Time, days

Gold
Dissolutions in 
Cyanidation, %

None -- -- 35.9

Ferric sulfate . 2.1 21 44.0

Sodium chlorate 8 5 21 60.6

Ferric chloride 0.7 21 53.2

Nitric add 80.2 13!/ 115

1j Peak dissolutions occurred at 7 days
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The gold recovery of 77.5% in the nitric acid is based on a calculated head assay 
of 0.044 oz Au/ton. Assuming a constant residue assay, the recovery would be 80.0% for 
a head grade of 0.050 oz Au/ton.

The gold dissolution obtained with nitric acid oxidation was based on a nitric acid 
addition equivalent to 72% of the stoichiometric requirement for the sulfide sulfur 
content of the ore. Based on the metallurgical results, as well as the mineralogical 
examinations, even higher gold recoveries appear likely with higher nitric acid additions.

Sodium cyanide consumption in the cyanidation of the nitric acid oxidized ore was 
approximately 3.7 lb/ton. It is likely that the consumption can be reduced significantly 
with higher oxidation levels.

The nitric acid results were confirmed by assay/screen analyses which showed that 
gold dissolutions from the minus 1/4-inch fractions (i.e., 53.4 weight % of the crushed 
sample) were as high as 90.7%; whereas, the gold dissolutions averaged 70.7% from the 
plus 1/4-inch fractions (46.6 weight %). More evidence of oxidation was provided by 
surface area and solids pore volume measurements which showed a large increase in the 
porosity of the residue, in contrast to that of the feed, due to nitric acid treatment.

Mineralogical examination of the 3/8-inch crushed head sample showed the 
material to be relatively porous, due to extensive fracturing and the presence of micas 
and clays which would be expected to allow good diffusion of solutions. The mineralogy 
of the nitric acid residue provided vivid illustration of the diffusion mechanism of 
oxidation. The residue contains numerous examples where pyrite oxidation occurred 
along fracture paths, to the extent where abundant cavities exist that were formerly 
occupied by pyrite. Complete dissolution of pyrite also occurred in moderately 
impervious particles, which pyrite was only partially exposed at the periphery of gangue 
particles.

Recommendations are offered herein for follow up laboratory test work aimed at 
maximizing the oxidation rate by further systematic evaluation of nitric acid dosage. Due 
to the favorable porosity of the Gilt Edge ore, the material should respond positively to 
high rate oxidation in which it is possible that the oxidation time can be reduced to 
perhaps 1-2 hours. Such rapid oxidation opens important flowsheet possibilities for the 
heap leaching of Gilt Edge sulfide ore.
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ORE SAMPLE CHARACTERIZATION

Description and Preparation

On July 11, 1994, 8 plastic pails of Gilt Edge sulfide ore were received at CMRI. 
The pails were identified as JT-1 through JT-8. The total sample net weight was 227 
pounds. The samples were comprised of a mixture of finer grained material and rock 
fragments up to several inches in size. The materials were substantially dry upon receipt, 
but were air dried further in preparation for test work.

The samples were collected by front end loader from a 5,000 ton sample that was 
to be used for other work at the mine site. The material apparently was part of a 
750,000 ton stockpile that was mined some two years ago and had been treated with an 
anti-bacterial agent.

In preparation for test work, the samples were combined and stage crushed to 
approximately 90 weight % minus 3/8-inch. The material was blended thoroughly and 
2-kg charges were split out, and duplicate head pulps were prepared.

Upon examination of the crushed sample, it was observed that the material was 
a slight tan in color which suggested that it was slightly oxidized. Further examination 
under the binocular microscope revealed significant amounts of hematite, goethite, and 
evidence of other oxidation products, even though there were still considerable sulfides 
present. In discussion with Brohm, it was explained that some oxidation of the material 
was apparent due to weathering effects of the stockpiled sample at the site. The 
oxidation likely is due to the ubiquitous presence in the environment of sulfur and iron 
oxidizing bacteria. The metallurgical effects, although they may not be substantia] in 
magnitude, of the differences in oxidation levels of the weathered material and freshly 
mined ore should be borne in mind when evaluating oxidation parameters.

A more detailed mineralogical description of the material is presented later in this
report.

Head Assays

Table 1 shows chemical head assays of the test work sample.

The gold contents of 0.044 and 0.046 oz Au/ton were believed to be close to that 
expected for the Gilt Edge sulfide ore. The repeatability of the direct fire (1 AT basis) 
was reasonably good. The direct assays also agreed reasonably well with the average test 
calculated head assay of 0.043 oz Au/ton. Silver assays, approximately 0.20 oz Ag/ton, 
were more variable and reflected the degree of scatter often associated with fire assaying 
of materials of low silver contents.
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Table 1
Gilt Edge Sulfide Ore Head Assays

Component Assays

Au, oz/ton 0.44, 0.046
Ag, oz/ton 0.21, 0.18

Fe, % 5.53
Cu, ppm 543
As, ppm 128

S (total), % 4.84
S (S04), % 0.60 (1.80% S04)

S2', % 4.24
C(total), % 0.05
C (CO;*), % 0.02

pH, slurried sample of
90% minus 3/8-inch 2.2
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Total sulfur content is 4.84% of which the sulfide sulfur content is 4.24%. Sulfate 
(S04) content is significant at 1.8%, and reflects the slightly oxidized nature of the 
sample.

Arsenic and copper contents, at approximately 0.013 and 0.054%, respectively, 
although relatively low, are significant metallurgically in that they are soluble in acidic 
oxidation treatments and, hence, report to the acid wash solution in the oxidative tests 
described herein. Arsenic also is a significant indicator of oxidation performance, as 
discussed herein. .

Carbon content of the sample is minimal and it is understood that the Gilt Edge 
sulfide ore has little or no preg-robbing abilities. Inorganic carbon also is minima], thus 
the material is not a significant acid consumer.

Assay/Size Analysis

A nominal minus 3/8-inch head sample was wet/diy screened and the fractions. 
assayed for gold and total sulfur. Component distributions are shown in Table 2.

The distributions of gold and silver were not uniform by size in the crushed 
samples. Gold assays increased significantly with finer particle sizes, and sulfur analyses 
also increased in the finer sizes in approximate proportion to the increase in gold assays, 
except for the minus 100-mesh fraction. The plus 1/4-inch fraction, although the lowest 
in gold assays, contained 51.2 weight % and 26.5% of the gold. Due to the high gold 
tenor, the minus 100-mesh fraction contained as much as 39.4% of the gold, even though 
the fraction represented only 16.5 weight %.

An assay/size analysis also was performed on the residue from an oxidation test 
to determine gold dissolutions data by size. The results are described subsequently in 
this report.

Porosity/Surface Area

The results of porosity, surface area, and pore radius measurements of the 
crushed sample are shown below in Table 3.

Table 3
Surface Area and Pore Volume /Radius Data

Measurement Results

Surface Area, BET li6m /gram

Pore volume 0.0144 cc/gram

Average Pore Radius 1.85 A (Angstrom 
units)

I 
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Table 2
Crushed Feed Assav/Size Analysis

10

Size
Fraction

Weight,
%

Weight, % 
Passing

Assays, Distributions, %

Au,
oz/ton

S(T)>

% Au sco

Plus 1/4-inch 51.22 48.78 0.031 3.33 26.5 35.9

1/4-inch x 10-mesh 14.33 34.45 0.033 3.45 7.9 10.4

10 x 20-mesh 7.00 27.45 0.048 5.46 5.7 8.0

20 x 35-mesh 4.63 22.82 0.075 8.57 5.8 8.4

35 x 65-mesh 4.49 18.33 0.150 14.33 11.2 13.5

65 x 100-mesh 1.82 16.51 0.117 13.55 3.5 5.2

Minus 100-mesh 16.51 — 0.143 5.34 39.4 18.6

Head (Calculated) 100.00 — 0.060 4.75 100.0 100.0

Assay, (average direct) — - 0.045 4.84 — —

i 
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Distributions, 'Yo 

Au s(T) 

26.5 35.9 

7.9 10.4 

5.7 8.0 

5.8 8.4 

11.2 13.5 

3.5 5.2 

39.4 18.6 

100.0 100.0 

-- --
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The above determinations were performed by Quantachrome Corporation. The 
analyses used nitrogen as the gas type. The pore volume is that for the solids volume 
only, and does not include void space around the solids.

The same measurements were performed on an oxidized residue and these are 
discussed further later in this report.

PH

A pH of 2.2 was measured initially upon slurrying of the nominal 3/8-inch sample 
in laboratory tap water (pH 7.2) to 50% solids. The pH did not change significantly 
after about 1 hour of mixing of the slurry. The results indicated that some oxidation or 
sulfation of the sample had occurred, this being consistent with other observations made 
in this work regarding the sample nature. Although the liquid phase of the slurry was 
not analyzed, it is possible that it would contain significant quantities of soluble 
components such as iron, sulfate, copper, etc. Ideally, from the pH definition, the liquor 
would contain 0.31 g of free H2S04/1.
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sulfation of the sample had occurred, this being consistent with other observations made 
in this work regarding the sample nature. Although the liquid phase of the slurry was 
not analyzed, it is possible that it would contain significant quantities of soluble 
components such as iron, sulfate, copper, etc. Ideally, from tbe pH definition, the liquor 
would contain 0.31 g of free H2S04'l. 
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BASELINE LEACHING TESTS

Duplicate bottle cyanide leaching tests were conducted on the crushed sample to 
determine gold solubilities and reagent consumptions, as a basis for comparison with the 
subsequent oxidation/cyanide leaching tests.

Baseline leaching conditions were as follows:

Feed Charge: 
% Solids: 
NaCN:

CaO:
Vessel:
Leaching time:

1.000 grams of 90% minus 3/8-inch crushed sample 
50 (tap water)
1.0 g/1, maintained (equivalent to initial NaCN addition 
of 2.0 lb/ton ore)
to maintain pH ± 11.0 
Bottle roll 
14 days

The prolonged leaching time was used to ensure a reliable determination of the 
maximum cyanide soluble gold content of the crushed sample.

Leaching results are summarized below.
Table 4

Baseline Leaching Results

Test No.

Calculated Head 
Assays, oz/ton

Leach Residue, 
Assays, oz/ton

14 Day
Dissolutions, %

Au Ag Au Ag Au Ag

1 0.041 0.105 0.026 0.060 35.9 42.6

2 0.031 0.088 0.016 0.040 48.8 54.4

The tests did not compare well due to sizable calculated head and residue assay 
disparities. The test No. 2 residue assay, although repeatable, likely was errant and 
therefore was responsible for the low calculated head assay. The leach liquors for the 
tests were almost identical as follows.

Test No.

Liquor Assays, mg/l

Au Ag

1 0.42 1.29

2 0.41 1.27

Test No. 1 was selected as being the most reliable baseline test, with a gold 
dissolution of 35.9%. The result, to some degree, likely reflected the partial oxidation 
of the ore sample provided for test work.
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Duplicate bottle cyanide leaching tests were conducted on the crushed sample to 
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Feed Charge: 
% Solids: 

1,000 grams of 90% minus 3/8-inch crushed sample 
50 (tap water) 

NaCN: 1.0 g/1, maintained ( equivalent to initial NaCN addition 
of 2.0 lb/ton ore) 
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The prolonged leaching time was used to ensure a reliable determination of the 
maximum cyanide soluble gold content of the crushed sample. 

Leaching results are summarized below. 
Table 4 

Baseline Leaching Results 

Calculated Head Leach Residue, 14 Day 
Assays, oz/ton Assays, oz/ton Dissolutions, % 

Test No. Au Ag Au Ag Au Ag 

l 0.041 0.105 0.026 0.060 35.9 42.6 

2 0.031 0.088 0.Ql6 0.040 48.8 54.4 

The tests did not compare well due to sizable calculated bead and residue assay 
disparities. The test No. 2 residue assay, although repeatable, likely was errant and 
therefore was responsible for the low calculated bead assay. The leach liquors for the 
tests were almost identical as fol]ows. 

Liquor Assays, mg/I I 
Test No. Au I Ag I 

I 
1 

I 
0.42 

I 
1.29 

I 2 0.41 1.27 

Test No. 1 was selected as being the most reliable baseline test, with a gold 
dissolution of 35.9%. The result, to some degree, likely reflected the partial oxidation 
of the ore sample provided for test work. 



Sodium cyanide consumptions were 5.42 and 4.48 Ib/ton of ore, respectively for 
tests No. 1 and 2; whereas, total lime additions were 14.3 and 14.5 Ib/ton of ore for the 
same respective tests. These high consumptions reflected the high sulfide content of the 
material, as well as its acidic nature.
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OXIDATION/CYANIDE LEACHING TESTS

Oxidation tests were performed on the 90% minus 3/8-inch crushed sample to 
evaluate four chemical oxidants; namely, ferric sulfate, sodium chlorate, ferric chloride, 
and nitric acid. The tests were conducted in bottles according to the following schedule.

Tables
Bottle Leaching Schedule

Reagent

Addition, ib/too ore Aqueous Oxidation

Test No. Type Initial Total yConcentration, gpl~ Time, days

3 Ferric Sulfate 
Fe2(s°4)3 ' * H2°

59.4 118.8^ 30/60^ 21

4 Sodium Chlorate 
NaC103

39.2 39.2y 20 21

5 Ferric Chloride
FeCl3 6 H20

39.6 79.2 y 20/40^ 21

6 Nitric Acid (HN03) 206.1 296.817
-- 13

1/ Reagent concentration increased to the levels shown on 
which was increased on the sixth day.

2/ Concentration does not include water of hydration.

fourteenth day, except for HN03

Procedures

The tests were begun by mixing into the 2-kg crushed samples approximately one- 
half of the desired reagent addition in a concentrated solution adjusted as necessary to 
arrive at approximately 10-11% moisture in the ore. The reagents were mixed 
thoroughly by hand blending on a rolling cloth that was placed in a vented hood. The 
samples were placed in plastic buckets and allowed to cure for three days. Each bucket 
was vented to appropriate scrubbers to contain off-gases. The only noticeable off gas 
was from the nitric acid test in which significant NOx was generated immediately upon 
acid contact with the ore. The amount of NOx that evolved diminished gradually over 
a few hours after initial contact. The NOx level was approximately 500-600 ppm after 
one hour of curing and decreased to about 15-25 ppm in the head space of the bucket 
after 3 days.

The cured samples were transferred to leaching bottles and water and additional 
reagent was added to obtain a slurry density of 50% solids. The bottles then were mixed 
continuously for twenty one days, except for the nitric acid test which was terminated 
after 13 days. Hydrochloric acid was added to the sodium chlorate and ferric chloride 
tests and sulfuric acid was added to the ferric sulfate test, all to maintain a slurry pH of 
1 or less. No additional acid was necessary for the nitric acid test.
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Oxidation tests were performed on the 90% minus 3/8-inch crushed sample to 
evaluate four chemical oxidants; namely, ferric sulfate, sodium chlorate, ferric chloride, 
and nitric acid. The tests were conducted in bottles according to the following schedule: 
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y Concentration does not include water of hydration. 
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arrive at approximately 10-11 % moisture in the ore. The reagents were mixed 
thoroughly by hand blending on a rolling cloth that was placed in a vented hood. The 
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was vented to appropriate scrubbers to contain off-gases. The only noticeable off gas 
was from the nitric acid test in which significant NOx was generated immediately upon 
acid contact with the ore. The amount of NOx that evolved diminished gradually over 
a few hours after initial contact. The NOx level was approximately 500-600 ppm after 
one hour of curing and decreased to about 15-25 ppm in the head space of the bucket 
after 3 days. 

The cured samples were transferred to leaching bottles and water and additional 
reagent was added to obtain a slurry density of 50% solids. The bottles then were mixed 
continuously for twenty one days, except for the nitric acid test which was terminated 
after 13 days. Hydrochloric acid was added to the sodium chlorate and ferric chloride 
tests and sulfuric acid was added to the ferric sulfate test, all to maintain a slurry pH of 
1 or less. No additional acid was necessary for the nitric acid test. 
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After 6 days of oxidation, more nitric acid was added to bring the total addition 
to 296.8 lb 100% HNO-j/ton of ore, or approximately 72% of the stoichiometric quantity 
for the sulfide sulfur content (4.24%) of the ore. The stoichiometry was based on the 
published equation shown below and assumes that all of the S2' is present as pyrite.

2 FeS2 + 10HN03 - Fe^SO^ + HlSOA + 10NO f + 4Hp (1)

Additional ferric sulfate and ferric chloride were added to the respective tests on 
the fourteenth day of oxidation.

Liquor samples were taken regularly for iron and arsenic assays as key indicators 
of the degree of oxidation and dissolution. Copper also was followed because of its 
know relative ease of solubility in oxidizing weak acids, but is of less importance in 
respect of the project objective since the copper sulfide mineral, i.e., chalcopyrite, is 
unlikely to be associated with much of the gold, in contrast to that of pyrite and, 
possibly, arsenopyrite.

Aqueous phase emf data showed moderate degrees of oxidation (i.e., -400 to -600 
m.v.) for ferric sulfate and the chloride reagents, but the emfs were as high as about - 
700 m.v. in the nitric acid test.

At the completion of the oxidation periods, the slurries were filtered and the 
residues were water washed. The wash solutions were assayed for iron, arsenic, and 
copper for the metallurgical balances. The washed residues were repluped with tap 
water to 50% solids slurries and cyanide leached for 48 hours, except for the nitric acid 
tests in which one-half of the slurry was leached for an additional 48 hours. Lime was 
added to the slurries initially to maintain a pH of approximately 11, and sodium cyanide 
addition was maintained at 1 g/1 of solution, the same as used for the baseline tests. No 
active carbon was added due to the fear of carbon attritioning from the mixing of coarse 
ore particles, and assuming that the ore had no significant preg-robbing ability, even 
after oxidation. After cyanidation, the slurries were filtered and the residues were water 
washed and dried and prepared for assays for gold, silver, iron, arsenic, and copper.

Results

A summary of oxidation and cyanide results is shown in Table 6, and dissolution 
profiles for iron, arsenic, and copper are shown in Figures 1 through 3. Tables 7 through 
10 show oxidation test operating data and analytical results, as presented by CMRI.

(Text continues on page 28)
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Table 6
Summary Results of Chemical Oxidation and Cvanidation 

(Minus 3/8-inch) - Gilt Edge Sulfide Ore

OXIDATION

DISSOLUTIONS, %
2„Approximate S

Test No. Oxidution Reagent Time, Days ^e(total) As Cu Conversion, %

1 None-Baseline — — — — —

3 Ferric Sulfate 21 19.9 31.0 88.8 2.1

4 Sodium Chlorate 21 10.7 15.0 79.4 8.5

5 Ferric Chloride 21 5.8 4.8 84.9 0.7

6 Nitric Acid 13 64.3 73.0 91.0 80.2

Test No. Oxidution Reugent

CVANIDATION

Leach Residue

Assays, oz Au/ton

Test Calculated Head

Assays, oz Au/ton

Au

Dissolution, %

Reagent Consumptions 
Ib/ton ore

NaCN CaOiy

1 None-Baseline 35.9 4.95 14.4 0.026 0.041

3 Ferric Sulfate 44.0 3.58 39.8 0.030 0.054

4 Sodium Chlorate 60.6 2.38 18.6 0.014 0.036

5 Ferric Chloride 53.2 2.14 19.2 0.019 0.041

6 Nitric Acid 77.5 3.68 24.3 0.010 0.044

1/ Lime addition

-------------------

Test No. 

1 

3 

4 

5 

6 

Table 6 
Summary Results of Chemical Oxidation and Cyanidation 

{Minus 3/8-inch) - Gilt Edge Sulfide Ore 

OXIDATION 

DISSOLUTIONS, % 

Oxidution Reagent Time, Days Fe(totan As Cu 

None-Baseline -- -- -- --
Ferric Sulfate 21 19.9 31.0 88.8 

Sodium Chlorate 21 10.7 15.0 79.4 

Ferric Chloride 21 5.8 4.8 84.9 

Nitric Acid 13 64.3 73.0 91.0 

CYANIDATION 

Reugent Consumptions 
Au lb/ton ore Leach Residue 

Approximate s1
· 

Conversion, % · 

--
2.1 

8.5 

0.7 

80.2 

Test Calculated Head 

Test No. Oxidution Reugent Dissolution,% NaCN Cao!/ Assays, oz Au/ton Assays, oz Au/too 

1 None-Baseline 35.9 4.95 14.4 0.026 0.041 

3 Ferric Sulfate 44.0 3.58 39.8 0.030 0.054 

4 Sodium Chlorate 60.6 2.38 18.6 0.014 0.036 

5 Ferric Chloride 53.2 2.14 19.2 0.019 0.041 

6 Nitric Acid 77.5 3.68 24.3 0.010 0.044 

11 Lime addition 
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Table 7
Oxidation Test Report - Ferric Sulfate

Sample Weight (lbs) 4.409 Reagent Pc Added (mg): 16.744.19

Au (oi/T): 0.044 Ai (oil/r): 0.2) Fe(%): 5.J3 Cu (ppm) 543.0 Aj (ppm): 128.0

mg Au: 3.02 mg Ag: 14.40 mg Fe: 110.594.98 mgCu: 1.085.95 mg Aj: 255.99

Targer pH: <1.0 NaCN (Ibi/T):

Total Fe (mg): 127,339.17

N/A
Lime Wt (grams): N/A NaCN Wt (grams): N/A

Volume

Sample

Volume Eh Free NaCN Dissolved Fe Ajjay mg

Sample

Fe

Cumulative

mg

Daily

Fe Recovery

Cumulative 

Pe Recovery
(liters) (mU) pH (mv) flbj/Tl 02 (ppm) (pp.pi) Fe ____ (mg)__ Fe __m_ m_16 —Aug —94 0 1.98 81 1.52 520 N/A N/A 7838.0 15519.2 634.9 634.9 -l.ll -l.ll

17 —Aug —94 1 1.98 88 1.16 458 N/A N/A 8361.0 16554.8 735.8 1370.6 0.94 0.40
18-Aug —94 2 1.98 102 1.07 431 N/A N/A 8322.0 16477.6 848.8 2219.5 -0.07 1.00
19 —Aug —94 3 1.98 113 1.13 425 N/A N/A 7560.0 14968.8 854.3 3073.8 -1.36 0.40
22 —Aug-94 6 1.98 111 0.77 427 N/A N/A 10860.0 215028 1205.5 4279.2 5.91 7.08
23 —Aug—94 7 1.98 100 0.77 434 • N/A N/A 11040.0 21859.2 1104.0 5383.2 0.32 8.49
24—Aug-94 8 1.98 103 1.00 419 N/A N/A 11280.0 22334.4 1161.8 6545.1 0.43 9.92
25-Aug-94 9 1.98 101 0.81 427 N/A N/A 8205.0 16245.9 828.7 7373.8 —5.51 5.47
26—Aug—94 10 1.98 97 1.10 421 N/A N/A 8308.0 16449.8 805.9 8179.7 0.18 6.40
29-Aug-94 13 1.98 97 0.98 414 N/A N/A 8671.0 17168.6 841.1 9020.7 0.65 ’ 7.78
30—Aug-94 14 1.98 104 0.85 404 N/A N/A 8659.0 17144.8 900.5 9921.3 -0.02 8J2
31 -Aug-94 15 1.98 95 1.20 426 N/A N/A 20890.0 41362.2 1984.6 11905.8 6.76 16.09
01-Sep-94 16 1.98 97 0.94 421 N/A N/A 20310.0 40213.8 1970.1 13875.9 -1.04 1685
02-Sep-94 17 1.98 86 0.87 430 N/A N/A 20160.0 39916.8 1733.8 15609.7 ^0.27 18.36
06—Sep— 94 21 1.98 1980 0.91 421 20160.0 39916.8 39916.8 55526.5 0.00 19.93

Tout): 3355 Total (mg) 55526.5

Solution Recovery (96) 43.61

Reaidue Array (%) 5.25

•Hd/TI* Recovery (96) 5.06

Calc Hd (96) 7.19

Airay Hd (96) 5.53

Accountability (96) 130.00

- - - -

Sample Weight (Iba) ◄ .409 

Au{oz/l} 0.044 

m5Au: 3.02 

Tarpr eH: <l.0 
Lime W1 {grams): N/A 

Volume 
Dale Dav /literal 

l6-Aua-94 0 1.98 
17-AuR-94 I 1.98 
IR-Aua-94 2 1.98 
19-Au11-94 3 1.98 
22-AUR-94 6 1.98 
ll-Aua-94 1 1.98 
24-Aua-94 8 1.98 
25-Aug-94 9 1.98 

26-Au11-9◄ 10 1.98 
29-Aux-94 13 1.98 
JO-Au11-94 l4 1.98 
·ll-Aug-94 IS 1.98 
Ol-Scp-94 16 1.98 
02-Sop-:-94 17 l.98 
06-Scp-94 21 1.98 

Toi.lb: 

- - - - - - - - - -
Table 7 

Oxidation Test Report - Ferric Sulfate 

Rea11cn1 Pc Added {m5}: 16,744.19 

A5 {oz/I): 0.21 Fe{%}: 

m5Ag: 14.40 m5Fe: 

Total Fe {ma): 

NaCN {lbafn: NIA 
NaCN W1 {11ram1): N/A 

Sample 
Volume Eb Free NaCN 

(mis\ oH (mv\ /lbs/Tl 
81 l . .S2 .s20· NIA 
88 1.16 4.58 NIA 

102 1.07 431 NIA 
113 1.13 42.S NIA 
111 0.77 427 N/A 
100 0.77 434 N/A 
103 1.00 419 N/A 
tin 0.81 ◄27 N/A 
97 1.10 421 NIA 
97 0.98 ◄ 1 ◄ NIA 
10◄ 0.8.5 ◄04 NIA 

9.5 1.20 426 NIA 
97 0.94 421 NIA 
86 0.87 430 NIA 

1980 0.91 421 

33.55 

.5 . .5) 

110,.594.98 

127,339.17 

Oiuolvcd Pc AJsay 
02 loom) fnnm\ 

NIA 7838.0 
NIA 8361.0 
N/A 8322.0 
NIA 7.560.0 
NIA 10860.0 
N/A 11040.0 
NIA 11280.0 
N/A 820.5.0 

NIA 8)08.0 

NIA 8671.0 

NIA 86.59.0 

NIA 20890.0 

NIA 20310.0 

N/A 20160.0 

20160.0 

Cu {eem) .54).0 

ma Cu: 1,08.5.9.5 

Sample 
mg Pc 
Pc (m•\ 

1.5519.2 634.9 
16SS4.8 73.5.8 
16477.6 848.8 
14968.8 854.) 
21502.8 120.S..1 
21859.2 1104.0 

22334.◄ 1161.8 
1624.5.9 82.8.7 

16449.8 80.5.9 

17168.6 841.1 
17144.8 900.S 

41362.2 1984.6 

40213.8 1970.l 
39916.8 1733.8 

39916.8 39916.8 

Tot.al(ms) 
Solution Rcciovory (96) 
Residue luaay ('l>) 
"Hd/Il" Recovcry(9') 

Cale Hd (%) 

AJaay Hd(%) 
Accountability ('l>) 

-

Cumulalivo 

mg 
Pc 

634.9 
1370.6 
2219.S 
3073.8 
4279.2 
.5383.2 

6.S◄ S.1 

7373.8 

8179.7 

9020.7 

9921.3 
11905.8 

1387.5.9 

1.56(11).7 

SS.526.S 

.5.5526 . .5 
43.61 

S.25 
S.06 
7.19 

S-'3 
130.00 

- - -

AJ {eem}: 128.0 

m5AJ: 2.5.5.911 

Daily Cumulative 

Pe Rco,vcry Pc Recovery 
(%\ ~ 

-l.11 -I.II 
0.94 0.40 

-0.07 1.00 
-1.36 0.40 

S.91 7.08 
0.32 8.49 
0.0 9.92 

-Bl S.47 

0.18 6.40 
0.6.5 7.78 

-0.02 8..52 
6.76 16.09 

-1.04 16.8.5 
,..o·.21 18.36 

0.00 19.93 

"' 0 

-



Table 7 cont’d
Oxidation Test Report - Ferric Sulfate

Sample Cumulative Daily Cumulative Sample Cumulative Daily Cumulative

Cu Am ay mg Cu mg Cu Recovery Cu Recovery As Assay mg As mg As Recovery As Recovery

(pp°0 Cu (mg} Cu
____ _____

(*) (ppm} As (mg)___ As (*) (%)

16 —Aug —94 317.6 628.8 25.7 25.7 57.91 57.91 8.33 16.5 0.7 0.7 6.44 6.44

17 —Aug—94 341 JO 676.2 30.1 55.8 4.36 64.63 11.43 22.6 1.0 1.7 2.40 9.10

18-Aug—94 369.60 731.8 37.7 93.5 5.12 72.52 12.47 . 24.7 1.3 3.0 0.80 10.30

19—Aug—94 317.00 627.7 35.8 129.3 -9.59 66.41 15.40 30.5 1.7 4.7 2.27 13.06

22—Aug-94 371.20 735.0 41.2 170.5 9.88 79.59 17.51 34.7 1.9 6.6 1.63 15.38

23-Aug—94 344.10 681.3 34.4 204.9 -4.94 78.44 19.27 38.2 1.9 8.6 1.36 17 JO

24-Aug-94 339.10 671.4 34.9 239.8 -0.91 80.70 21.95 43.5 2.3 10.8 2.07 20.32

25-Aug-94 322.70 638.9 32.6 272.4 -2.99 80.92 20.73 41.0 2.1 12.9 -0.94 20.26

26 —Aug—94 307.40 608.7 29.8 302.2 -2.79 81.13 20.10 39.8 1.9 14.9 -0.49 20.59

29-Aug —94 300.90 595.8 29.2 331.4 -1.19 82.70 21.64 42.8 2.1 17.0 1.19 22.55

30 -Aug -94 284.20 562.7 29.6 361.0 -3.04 82.34 20.85 41.3 2.2 19.1 -0.61 22.75

•4T
041003<
1

r"i 282.90 560.1 26.9 387.9 -0.24 84.82 30.39 60.2 2.9 22.0 7.38 30.98

01-Sep-94 267.70 530.0 26.0 413.8 -2.77 84.53 26.35 52.2 2.6 24 A -3.12 28.98

02—Sep—94 266.20 527.1 22.9 436.7 -0.27 86.64 12.12 24.0 1.0 ZS.6 -11.01 18.98

06—Sep—94 266.20 527.1 527.1 963.8 0.00 88.75 12.12 24.0 24.0 49.6 0.00 19.38

ToUl (mg) 963.8

Solution Rcoovcry (96) 88.75

Residue Auay (ppm) 68.9

"Hd/H" Recovery (96) 87.31

Celc Hd (ppm) 550.82

Auay Hd (ppm) 543.00

Accountability (9b) 101.44

Total (mg) 49.6

Solution Reoovery(9b) 19.38

Retidue Auay (ppm) 137.0

•Hd/TT Recovery (9b) -7.03

Calc Hd (ppm) 161.81

Alley Hd (ppm) 128.00

Accountability (9b) 126.41

- - - -

Cu Auay 
Date (ppm) 

l6'-Au11-94 317.6 
17-Aua-94 341.50 
l8-Au11-94 369.60 
19-Aug-94 317.00 
22-Au11-94 371.20 
23-Aus-94 344.10 

24-Auz-94 339.10 
2S-Aug-94 322.70 
26-AuR-94 307.40 
29-Au1t-94 300.90 
30-Aua-94 284.20 
ll -Aus-94 282.90 

01-Scp-94 267.70 
02-Sep-94 266.20 
06-Scp-94 266.20 

- - - - - - - - - -
Table 7 cont'd 

Oxidation Test Report - Ferric Sulfate 

mg 

Sample 

Cu 
Cu (ma) 

628.8 25.7 

676.2 30.1 

731.8 37.7 
627.7 35.8 
73.S.O 41.2 
681.3 34.4 
671.4 34.9 

638.9 32.6 

608.7 29.11 

S9S.8 29.2 
562.7 29.6 
560.1 26.9 

530.0 26.0 
527.1 22.9 

527.l S27.l 

Tolal (mg) 

Solution Recovery (<Jr,) 
Re1idue As1ay (ppm) 

"Hd/11" Roc,overy ('Jr,) 
Cale Hd (ppm) 

Assay Hd (ppm) 

Accouniability (9b) 

Cumulative Daily Cumula1ive 

mg Cu Recovery Cu Re0>very 
Cu ('J(,) ('l,\ 

25.7 57.91 57.91 

55.8 4.36 64.63 

93.5 5.12 72.52 
129.3 -9.59 66.41 
170.S 9.88 79.59 
204.9 -4.94 78.44 
239.8 -0.91 80.70 

272.4 -2.99 80.92 

302.2 -2.79 81.13 

331.4 -1.19 82.70 
361.0 -3.04 82.34 
387.9 -0.24 84.82 
413.8 -2.77 84.S3 
436.7 -0.27 86.64 

963.8 0.00 88.75 

963.8 

88.75 

68.9 

87.31 

550.82 

.543.00 

101.44 

(ppm) 

8.33 

11.43 

12.47 

15.40 
17.51 
19.27 

21.95 

20.73 

20.10 
21.64 
20.85 
30.39 

26.lS 

12.12 

12.12 

mg 

As 

16.S 

22.6 

, 24.7 

30.5 
34.7 

38.2 
43.5 

41.0 

39.8 
42.8 
41.3 
60.2 

52.2 

24.0 

Sample 

As 

Cma\ 
0.1 

1.0 

1.3 

1.1 
1.9 

1.9 

2.3 
2.1 

1.9 

2.1 
2.2 
2.9 

2.6 
1.0 

24.0 24.0 

Toial (mg) 

Solution Recovery ('l(,) 

Re1iduc Assay (ppm) 
"Hd/11" Recovery('l(,) 

Cale Hd (ppm) 

Assay Hd (ppm) 
Accouniability ('l(,) 

- - - - -

CumuL11ive Daily Cumulative 
mg As Recovery As Rca,very 

As ('J(,\ ('i(,\ 

0.1 6.44 6.44 

1.7 2.40 9.10 

3.0 0.80 10.30 

4.7 2.27 13.06 

6.6 1.63 15.38 

8.6 1.36 11.50 

10.8 2.07 20.32 

12.9 -0.94 20.26 

14.9 -0.49 20.S9 

17.0 1.19 22.55 

19.1 -0.61 22.7S 

22.0 7.38 30.98 

24.6 -3.12 28.98 

25.6 -11.01 18.98 

49.6 .0.00 19.38 

49.6 

19.38 

137.0 

-7.03 
161.81 

128.00 

126.41 



Table 8
Oxidation Test Report - Sodium Chlorate

Sample Weight (lbs)

Au (or/T): 0.044

4.409

Ag (oi/T):

Reagent Fe Added (mg):

0.21

0.00

(•*>): 5.53 Cu (ppm) 543.0 Aa (ppm): 128.0

mgAu: 3.02 mg Ag: 14.40 mg Fe: 110.594.98 mg Cu: 1.085.95 mg Aa: 255.99

Total Fe (mg): 110.594.98

Targer pH: “1.0 NaCN (Iba/T): N/A

Lime Wi (grams): N/A N»CN Wl (grama): N/A

Sample Sample Cumulative Daily Cumulative

Volume Volume Eh Free NaCN Dissolved Fe Assay mg Fe mg Fe Reoovery Fe Reoovery

Dale Day fillers) (mil) pH (mv) (Ibs/T) 02 (ppm) (PPm) Fe (m«) Fe (9b) w

16 — Aur — 94 0 1.96 94 1.78 604 N/A N/A 766.0 1500.6 72.0 72.0 1.36 1.36

17-Aug-94 1 1.96 101 1.26 578 N/A N/A 1091.0 2137.3 110.2 182.2 0.58 2.00

18-Aug—94 2 1.96 100 1.42 546 N/A N/A 1309.0 2564.3 130.9 313.1 0.39 2.48

19 —Aug—94 3 1.96 105 1.47 560 N/A N/A 1521.0 2979.6 159.7 472.8 0.38 2.98

22 —Aug-94 6 1.96 103 1.52 537 N/A N/A 1562.0 3060.0 160.9 633.7 0.07 3.19

23-Aug—94 7 1.96 86 1.40 528 N/A N/A 1370.0 2683.8 117.8 751.5 -0.34 3.00

24 —Aug—94 8 1.96 100 0.80 522 N/A N/A 2753.0 5393.1 275.3 1026.8 2.45 5.56

25-Aug-94 9 1.96 92 0.74 490 N/A N/A 2503.0 4903.4 230.3 1257.1 -0.44 5.36

26-Aug-94 10 1.96 98 0.84 479 N/A N/A 2755.0 5397.0 275.5 15316 0.45 6.02

29-Aug—94 13 1.96 99 0.9 448 N/A N/A 2940.0 5759.5 270.5 1803.1 0.33 6.59

30—Aug—94 14 1.96 101 0.9 451 N/A N/A 2976.0 SB30.0 291.6 2094.7 0.06 6.90

31-Aug-94 15 1.96 108 1.20 439 N/A N/A 3514.0 6883.9 379.5 2474.2 0.95 8.12

01-Sep-94 16 1.96 113 0.92 456 N/A N/A 4126.0 80818 466.2 2940.5 1.08 9.55

02-Scp—94 17 1.96 94 1.10 460 N/A N/A 4321.0 8464.8 406.2 3346.6 0.35 10.31

06-Sep-94 21 1.96 2130 1.08 451 4321.0 8464.8 9203.7 12550.4 0.00 10.68

Totali: 3524 Total (mg) 12550.4

Solution Reoovery (98) 11.35

Reaidue Aaaay(9b) 5.22

'Hd/Tl" Recovery (9b) 5.61

Calc Hd (9b) 5.85

Aaaay Hd (9b) 5J3

Accountability (9b) 105.74

MNJ

- - --- - - - - - - - - - - - - - - -
Table 8 

Oxidation Test Report - Sodium Chlorate 

Sample Weigh1 (Un) 4.409 Reagent Fe Added {ma}: 0.00 

Au {oJ/f): 0.044 Ag (o![!): 0.21 Fo ('lb}: S.Sl Cu {eem} 543.0 As(eem}: 128.0 

mg Au: 3.02 mgA5: 14.40 mg Fe: 110.594.98 mg Cu: l,08S.9S mg As: 2SS.99 

Total Pc (mg}: 110.594.98 

Targcr el I: - 1.0 NaCN (lbsfl): NIA 

Lime W1 (gram1}: NIA NaCN WI (gr1m1}: NIA 

Sample Sample Cumula1ive Daily Cumul11ive 

Volume Volume Eh Free NaCN Dil1olvcd Fe Assay mg Fe mg Pe ReOO'Very Fe Rc~very 

Dale Dav {li1en, (mb) pH (mv) (lbs/T) 02 (eem} (eem} Fe {mg} p., (%\ ('l> \ 

16-Aua-94 0 1.96 94 1.78 60◄ NIA NIA 766.0 1500.6 72.0 72.0 1.36 1.36 

17-Aua-9◄ I 1.96 101 1.26 578 NIA NIA IO!H.0 2137.3 110.2 182.2 0.58 2.00 

l8-Aua-94 2 1.96 100 1.42 546 NIA NIA 1309.0 2564.3 130.9 313.1 0.39 2.48 

19-Aug-94 3 1.96 105 1.47 560 NIA NIA 1521.0 2979.6 159.7 472.8 0.38 2.11, 

22-Aua-94 6 1.96 103 1.52 537 NIA NIA 1562.0 3060.0 160.9 633.7 0.07 3.19 

23-AuA-94 7 1.96 86 1.40 528 NIA NIA 1370.0 2683.8 117.8 151.S -0.34 3.00 

24-Aug-94 8 1.96 100 0.80 522 NIA NIA 2753.0 5393.1 275.3 1026.8 2.45 5.56 

25-Aug-9◄ 9 1.96 92 0.74 490 NIA NIA 2503.0 4903.4 230.3 1257.1 -0.44 .5.36 

26-Aug-94 10 1.96 98 0.84 479 NIA NIA 27S5.0 5397.0 27S.5 1.532..6 0.45 6.02 

29-Aug-94 13 1.96 99 0.9 448 NIA NIA 2940.0 5159.5 270.5 1803.1 0.33 6.59 

30-AuA-94 14 1.96 IOI 0.9 451 NIA NIA 2976.0 5830.0 291.6 2094.7 0.06 6.90 

ll-Au11-94 IS 1.96 108 1.20 439 NIA NIA 3514.0 6883.9 379.5 2474.2 0.95 8.12 

0I-Scp-94 16 1.96 113 0.92 456 NIA NIA 4126.0 8082.8 466.2 2940..S 1.08 9..55 

02-Scp-94 17 1.96 94 1.10 460 NIA NIA 4321.0 8464.8 406.2 3346.6 0.35 10.31 

06-Scp-94 21 1.96 2130 1.08 4S1 4321.0 8464.8 9203.7 12.550.4 0.00 10.68 

Totals: 3524 Total (mg) 12.5.50.4 

Solution ~oovcry (9r>) 11.35 

Residue Asuy(9r>) 5.22 
"Hd/11" Rcoovery (9r>) 5.61 

C•lc Hd (9r>) 5.8$ 

Assay Hd(%) 5..53 

Accouo ta bil ity ( 9(,) 105.-U 



Table 8 cont’d
Oxidation Test Report - Sodium Chlorate

Cu Aatay rog

Sample Cumulative Daily Cumulative Sample CumuUlivc Daily Cumulative

Cu mg Cu Recovery Cu Recovery Ai Amy mg A* mg Aa Recovery Aa Recovery

Dale (mg) Cu  (9b) (9b) (ppm) Ai (mg) Ai (9b)

16-Aug—94 347.6 680.9 32.7 32.7 62.71 62.71 3.01 5.9 0.3 0.3 2.30 2.30

17-Aug—94 338.10 662.3 34.1 66.8 -1.71 64.00 3.69 7.2 0.4 0.7 032 2.93

18—Aug—94 335.90 658.0 33.6 100.4 -0.40 66.75 4.56 8.9 0.5 1.1 0.67 3.75

19-Aug — 94 316.50 620.0 33.2 133.6 -3.50 66.34 5.22 10.2 0.5 1.7 031 4.43

22-Aug—94 317.90 622.8 32.7 166.4 0.25 69.65 3.30 6.5 0.3 2.0 ' -1.47 3.17

! O
1eca<
1

N

273.20 535.2 23.5 189.9 -8.06 64.61 2.83 5.5 0.2 2.2 -0.36 2.94

24 —Aug—94 293.40 574.8 29.3 219.2 3.64 70.41 11.03 21.6 1.1 3.3 608 9.32
25 —Aug—94 276.60 541.9 25.4 244.7 -3.03 70.08 9.90 19.4 0.9 4.3 -036 838

26 —Aug—94 260.20 509.7 25.5 270.2 -2.96 69.47 8.73 17.1 0.9 5.1 -0.90 834

29-Aug-94 265.30 519.7 26.3 296.4 0.92 72.74 6.68 13.1 0.7 S3 ' -137 7.11

30-Aug-94 245.20 480.3 24.8 321.2 -3.63 71.53 5.32 10.4 0.5 6.3 -134 6.33

31 -Aug-94 259.90 509.1 28.1 349.3 2.65 76.46 7.49 14.7 0.8 7.1 1.66 800

01-Sep-94 254.20 498.0 28.7 378.0 -1.03 78.02 15.93 31.2 13 ' 8.9 6.46 * 14.97

02—Sep—94 235.70 461.7 22.2 400.2 -3.34 77.33 10.89 ' 21.3 1.0 9.9 -336 1132

06—Sep—94 235.70 461.7 502.0 902.2 0.00 79.37 10.89 21.3 23.2 33.1 030 12.22

Total (mg) 9020

Solutioo Recovery (9b) 83.08

Retiduo Aiaay (ppm) 69.8

•Hd/TT Recovery (9b) 87.15

Cate Hd (ppm) 520.92

Astay Hd (ppm) 543.00

Aooououbility (9b) 95.93

Total (mg) 33.1

Solution Recovery (%) 12.95

Reiidue Aaaay (ppm) 1723

•Hd/TT Recovery (9b) -34.38

Calc Hd (ppm) 18837

Asiay Hd (ppm) 12830

Accountability (96) 147.32

- - - -

Cu Auay 

Dale foom) 

16-Aug-94 347.6 

l7-Aug-94 338.10 
l8-Aug-94 335.90 
19-Aua-94 316.50 

22-Aua-94 317.90 

23-Au11-94 273.20 
24-Aug-94 293.40 
25-Aua-94 276.60 
26-Aua-94 260.20 

29-Aua-94 26S.30 

lO-Aua-94 24S.20 
ll -Au11-04 U0.00 

0I-Scp-94 254.20 

02-Sep-94 235.70 
06-Sep-94 23.S.70 

- - - - - - - - - -
Table 8 cont'd 

Oxidation Test Report - Sodium Chlorate 

mg 

Sample 

Cu 

Cu £!!!a) 
680.9 32.7 

662.J 34.1 

658.0 33.6 
620.0 33.2 

622.8 32.7 

53S.2 23.S 
S74.8 29.3 
54 l.9 25.4 

509.1 25.S 

S19.7 26.J 

480.3 24.8 
509.1 28.l 

498.0 28.7 

461.7 22.2 

461.7 502.0 

Total (ms) 

Solu1ioo Recovery (91>) 

Reaidua Aa1ay (ppm) 

"ltd/fl" Rcoovcry('Jr>) 
Cale Hd (ppm) 

Aa1ay Hd (ppm) 

Aooouoiability (%) 

Cumulative 

mg 

Cu 

32.7 

66.8 
100.4 

133.6 

166.4 

189.9 

219.2 
244.7 

270.l 

296.4 

321.l 
349.3 

378.0 

400.2 

902.2 

902.2 

83.08 

69.8 

87.15 

520.92 

5'3.00 
95.93 

Daily Cumuluive 

Cu Recovery Cu Recovery Aa Anay 
(%) ('JI,) (onm) 

62.71 62.71 3.01 

-1.71 64.00 3.69 

-0.40 66.?S 4.S6 
-3.SO 66.34 S.22 

0.2S 69.6S 3.30 

-8.06 64.61 2.83 
3.64 70.41 11.03 

-3.03 70.08 9.90 
-2.96 69.47 8.73 

0.92 72.74 6.68 

-3.63 71.SJ 5.32 
2.6!1 76.46 7.49 

-1.03 78.02 15.93 

-3.34 77.33 10.89 

0.00 79.37 10.89 

mg 

AJ 

S.9 

7.2 

8.9 

10.2 

6.S 

S.5 

21.6 
19.4 

17.1 

13.l 

10.4 
14.7 

31.2 
. 21.3 

Sample 

Aa 
(ma) 

0.3 

0.4 

0.5 

o.s 
0.3 

0.2 

1.1 

0.9 
0.9 

0.1 

o.s 
0.8 

1.8 

1.0 

21.3 23.2 

Total (ms) 

Solution Reoovery ('J>) 
Rcaidue Aauy (ppm) 

"Hd/fl" Reoovery ('J&) 
Cale Hd {ppm) 

Anay Hd (ppm) 

Acco u D la bili ty ('JI,) 

-

Cumulative 

ma 
Aa 

0.3 

0.7 

l.l 

1.7 

2.0 
2.2 

3.3 
4.3 
S.l 

!1.8 
6.3 
7.1 

8.9 

9.9 

33.l 

33.1 

12.9.S 

1n.o 
-34.38 

188.57 

128.00 
'147.32 

- - -

Daily Cumulative 

Aa Recovery Aa RCGWOry 
('JI,\ ('I,\ 

2.30 2.30 
O..S2 2.93 

0.67 3.7.S 

0.51 4.0 
-1.47 :S.17 

-0.36 2.94 

6.28 9.32 
-0.86 8.84 
-0.00 8.34 

,, 

-1..57 7.11 

-l.G4 6.33 
1.66 8.20 

~46 • 14.91 
-3.86 . . ·11.s2 

0.00 12.U 

., ' 

. ·"'• 

-

Iv 
w 



Table 9
Oxidation Test Report - Ferric Chloride

Sample Weight (lln) ________ 4.409 Reagent Pe Added (mg):13,752.31

Au (oi/T): 0.044 AgCoaJT): 0.21 Fe<%): 5.53 Cu (ppm) 543.0 As (ppm): • 128.0.

mg Au: 3.02 mg Ag: 14.40 mg Fe: 110,594.98 mg Cu: 1,085.95 tngAa: , 25S.99

Targerpll: “1.0 NaCN (Iba/T):

Total Pe (mfO:

N/A

124.347.29

. • , •

Lime Wt (grams): N/A NaCN Wi (grams): N/A

Sample Sample Cumulative ‘ Daily Cumulative

Dale Day

Volume

(liters)

Volume

(mU) pH

Eh

(mv)

Free NaCN 

(Ibi/T)

Dissolved 

02 (ppm)

Pe Assay 

(ppm)
mg
Fe

Fe

(mg)
mg
Fe

Fe Reoovery 

(%)

Pe Recovery 

f*)
16-Aug-94 0 1.98 100 1.25 572 N/A N/A 6971/) 13802.6 697.1 697.1 0.05 0.05
17 —Aur—94 1 1.98 102 0.89 530 N/A N/A 6631.0 13129.4 676.4 1373J -0.61 0.07
18 —Aug—94 2 1.98 93 1.07 498 N/A N/A 5475.0 10840.5 509.2 1882.6 -207 -1.39
19-Aur—94 3 1.98 116 1.18 487 N/A N/A 5268.0 10430.6 611.1 2493.7 -0.37 -1.30
22 —Aug—94 6 1.98 93 1.24 464 N/A N/A 5229.0 10353.4 486.3 2980.0 -0.07 ’ -0.82

23 —Aug —94 7 1.98 117 1.20 458 N/A N/A 4903.0 9707.9 573.7 3553.7 -0.58 -0.96
24 — Aug—94 8 1.98 100 0.75 447 N/A N/A 5457.0 10804.9 545.7 • 4099.4 ' 0.99 0.55
25—Aug-94 9 1.98 98 0.91 454 N/A N/A 4481.0 8872.4 439.1 ' 4538.5 -1.75 •- ‘ -0.71

26-Aug—94 10 1.98 97 0.80 447 N/A N/A • 4767.0 9438.7 462,4 * 5000.9 0.51 V -V -0.20

29—Aug—94 13 1.98 98 0.87 431 N/A N/A 5004.0 9907.9 490.4 5491.3 0.42 ' 1.05
30 —Aug-94 14 1.98 102 1 420 N/A N/A 4687.0 9280.3 478.1 5969.4 ’ -0.57 ' 0.92
31-Aug-94 15 1.98 96 1.15 463 N/A N/A 13370.0 26472.6 1283.5 7252.9 3.11 4.46
01-Sep-94 16 1.98 105 0.87 464 N/A N/A 13580.0 26888.4 1425.9 8678.8 0.38 “ 6.00

02—Sep—94 17 1.98 96 0.89 466 N/A N/A 12180.0 24116.4 1169.3 • 9848.1 -251 , 4.78
06 —Sep—94 21 1.98 2205 1.03 457 N/A N/A 12180.0 24116.4 26856.9 . 36705.0 OjOO SA4

Totals: 3618 Total (mg) 367053)

Solution Reoovery (%) 29.52

Residue Assay (96) 5.92

*Hd/Tl’ Reoovery (96) ' -r73)5

Calc Hd (96) -7.07

Assay Hd (%) . 5.53

Aooountability (96) 12741

- - - - - - - - - - - - - - - - - - -
Table 9 

Oxidation Test Report - Ferric Chloride 

Sample Weiah1 (lln) 4.409 Rcagcol Po Addod (ma): 13,75"2.31 . 

Au (oz.ff): 0.044 Aa (oz.ff): 0.21 Fe(%): 5.53 Cu !ee"'l .543.0 As(eem): 128.0. 
ma Au: l.02 mg Ag: 14.40 ms Fe: 110,594.98 mg Cu: l,08S.9S ms°>J:. US.99 '. Tolal Fe (ma): 124.347.29 

Taraer el I: - 1.0 NaCN (lbt/1): NIA 
Lime W1 (gran1'): NIA NaCN Wt (gram1): NIA 

Sample Sample Cumula1ive · Daily Cumulative 
Volume Volume Eh Free NaCN Di11olvcd Pc AsHy mg Fe ma Fe Reoovery Fe 8-cry 

o.,c Dav lli1cnl lmlll oH lmv\ libs/fl O2ionml lonml Fe (ma\ Fe (91,\ 19'\ 
16-Aua-94 0 1.98 100 1.25 572 NIA NIA 6971.0 13802.6 697.l 697.l o.os o.os 
17-Aua-94 I l.98 102 0.89 .530 NIA NIA 6631.0 13129.4 676.4 1373.S -0.61 0.07 
18-Aug-94 2 1.98 93 1.07 498 NIA NIA S47.5.0 10840.S .509.2 1882.6 -un ~1.39 
19-Aua-94 3 1.98 116 1.18 487 NIA NIA 5268.0 10430.6 61 l.l 2493.7 -0.37 -I.lo 
22-AuK-94 6 1.98 93 1.24 464 NIA NIA .5229.0 10353.4 486.3 2980.0 -0.07 ..:o.a2 
21-Aua-94 7 1.98 117 1.20 4.58 NIA NIA 4903.0 9707.9 .573.7 3.5.53.7 -o.sa -0.96 
24-AUA-94 8 l.98 100 0.7S 447 NIA NIA S4.57.0 10804.9 S4S.7 ·, 4099.4 0.99 '• 0..5.5 
2.5-Aug-94 9 1.98 98 0.91 4.54 NIA NIA 4481.0 8872.4 439.l 4.538..5 :.1.7.5 

-, 
-0..71 

26-Aug-94 10 1.98 97 0.80 447 NIA NIA. 4767.0 9438.7 462.4 S000.9 0 • .51 ... ._: -0.20 
29-Aua-94 13 1.98 98 0.87 01 NIA NIA .5004.0 9907.9 490.4 .5491.3 0.42 : . l.0.5 
30-Aua-94 14 1.98 102 I 420 NIA NIA 4687.0 9280.l 478.l S969.4 . -0..57 . 0.92 , 
ll-Au•-94 1.5 1.98 96 I.IS 463 NIA NIA 13370.0 26472.6 1283.S 7252.9 3.11 4.46 
0l-Scp-94 16 1.98 10S 0.87 464 NIA NIA 13580.0 26888.4 142.5.9 8678.8 0.38. 

,, 
6.00 

02-Scp-94 17 1.98 96 0.89 466 NIA NIA 12180.0 24116.4 1169.3 9848.1 -2.Sl 
.. 

'4.78 
06-Sep-94 21 1.98 220S I.OJ 4.57 NIA NIA 12180.0 24116.4 26856.9 . 36'7m.O 

'. 
0.00 ,• ,S.M' .. 

Total,: 3618 Toial (ma) 36705.0 . ·, 
Solu1ion Reoowry ('!fl) 29..52 I ... ·., . . 
Rclidi&0 Asaay (9',) S.92 .. ~ .. .··· 
0 Hd/11" Rcoovery(9') -.7.0S 
Calo Hd (91,) -~.07 
Assay Hd (9') .5..53 

Aooountability ('lf,) 127.81 

'', ... . 
"" '• 

I ♦,/ o ~ 



Table 9 cont’d
Oxidation Test Report - Ferric Chloride

Date

Cu Ainy 

(ppm)
mg
Cu

Sample

Cu

... imt.)

Cumulative

mg
Cu

Daily

Cu Recovery 

(*>)

Cumulaiive 

Cu Reoovery
w

Aj Assay

fpptn)
mg
A»

Sample

Ai

(mg)

Cumulaiive

mg
Aa

Daily

Aa Reoovery 

(%)

Cumulative 

Aa Reoovery

—
|6-Aug-94 377.6 747.6 37.8 37.8 68.85 68.85 4.22 8.4 0.4 0.4 3.26 3.26

17-Aux—94 367.90 728.4 37.5 75.3 -1.77 70.56 3.69 .7.3 0.4 08 -0.41 3.02

18 — Aur — 94 3S9.60 712.0 33.4 108.7 -1.51 72.50 2.66 5.3 0.2 1.0 -080 2.37

19 —Aug—94 332.50 658.4 38.6 147.3 -4.94 70.64 1.44 2.9 0.2 1.2 -0.94 182

22 —Aug—94 314.00 621.7 29.2 176.5 -3.37 70.82 3.00 5.9 0.3 18 181 2.79

23 —Aug—94 313.40 620.5 36.7 213.2 -0.11 73.39 3.00 5.9 0.4 18 080 2.90

24 —Aug —94 295.00 584.1 29.5 242.7 -3.35 73.42 285 4.1 0.2 28 -0.73 2.31

25-Aug—94 275.60 546.1 27.0 269.7 -3.50 72.63 1.78 38 0.2 2.2 -0.21 2.18

26 —Aug—94 290.50 575.2 28.2 297.9 2.68 7780 3.00 5.9 0.3 28 0.94 3.19

29-Aug—94 283.60 561.5 27.8 325.7 -1.26 79.14 3.00 5.9 0.3 28 0.00 380

JO —Aug—94 251.10 497.2 25.6 351.3 -5.93 75.77 3.00 5.9 0.3 3.1 080 3.42

31-Aug-94 277.90 550.2 26.7 378.0 4.89 83.02 1880 36.6 18 '4.9 11.99 1583

01 —Sep—94 273.60 541.7 28.7 406.7 -0.78 84.69 2.90 5.7 0.3 52 -1287 4.15

02-Sep-94 248.30 491.6 23.8 430.5 -4.61 82.72 3.44 68 0.3 58 082 489

06-Sep—94 248.30 491.6 547.5 978.0 0.00 84.92 3.44 6.8 7.6 13.1 0.00 482

Total (mg) 978.0

Solution Reoovery (9b) 90.06

Reiidue Array (ppm) 97.1

•Hd/TP Reoovory (9b) 82.12
Calc Hd (ppm) 586.13

Array lid (ppm) 543.00

Accountability (9b) 107.94

Total (mg) 13.1

Solution Recovery (9b) 5.12

Rciiduc Array (ppm) 112.0

"Hd/TV Reoovery (9b) 1280

Calc lid (ppm) 118.55

Array lid (ppm) 12880

Accountability (9b) 92.62

- - -

Dale 

16-Aug-94 

17-Aug-94 
18-AuR-94 
l9-AuJ!-94 

22-Aui-94 
23-Aua-94 
24-Aut-94 
H-Au1-94 
26-Au1t-94 
29-AuR-94 
)O-Aua-94 
ll-Au.11-94 

01-Scp-94 

02-Sep-94 

06-Scp-94 

- --~- ----- ------------

CuAsHy 
(ppm\ 

377.6 

367.90 

359.60 
332.SO 
314.00 

313.40 
29.5.00 
27.5.80 
290.SO 

283.60 
2.51.10 
277.90 

273.60 

248.30 

248.30 

- -

ma 

Sample 

Cu 

Cu (m1\ 

747.6 37.8 

728.4 37 . .5 

712.0 33.4 
6.58.4 38.6 
621.7 29.2 

620 • .5 36.7 
584.1 29.S 
.546.1 27.0 

57.5.2 28.2 
.561..5 27.8 
497.2 2.5.6 
5.50.2 26.7 

SU.7 28.7 

491.6 23.8 

491.6 .547 . .5 

Total (m&) 

Solution Recovery(%) 

Re1iduc Auay (ppm) 

"lid/TI' Recovery ('ll>) 
Cale Hd (ppm) 
Auay lid (ppm) 

Accoun11bili1y (%) 

- - - - - - -
Table 9 cont'd 

Oxidation Test Report - Ferric Chloride 

Cumula1ive Daily Cumula1ive 

ma Cu Recovery Cu Recovery 
Cu (%\ (%\ 

37.8 68.85 68.SS 

75.l -1.77 70.56 

108.7 -I.SI 72 . .50 
147.3 -4.94 70.64 

176 . .5 -3.37 70.82 

213.2 -0.ll 73.39 

242.7 -3.lS 73.42 
269.7 -uo 72.63 
297.9 2.68 77.80 

32.5.7 -1.26 79.14 

3.51.3 -.5.93 7.5.77 
378.0 4.89 83.02 

406.7 -0.78 84.69 

O0.S -4.61 82.72 

978.0 0.00 84.92 

978.0 

90.06 

97.l 

82.12 
586.13 

.5.0.00 
107.94 

As Assay 
(ppm\ 

4.22 

3.69 

2.66 
1.44 

3.00 

3.00 

2.0.5 
1.78 

3.00 
3.00 

3.00 
18.S0 

2.90 
3.44 

3.44 

ma 
/u 

8.4 

. 7.3 
S.l 
2.9 

.5.9 

.5.9 
4.1 
3.S 
S.9 

.5.9 
S.9 

36.6 

S.7 

6.8 

6.8 

Total (ma) 

Sample 

As 

(mR\ 

Solu1ion Recovery ('lf>) 
Ruiduc Auay (ppm) 

"lldm• Recovery ('ll>) 
Cale lld (ppm) 

A1uy IIJ (ppm) 

Acooun11blli1y (%) 

- - - -

Cumut.tivc Daily Cumulativo 

ma As Recovery Al Rc00Ytry 

As ('l(,\ ('lr>\ 

0.4 0.4 3.26 3.26 

0.4 0.8 -0.41 3.02 

0.2 1.0. -0.80 2.37 

0.2 1.2 -0.94 1.$2 

0.3 1.5 l.ll 2.79 

0.4 l.8 0.00 2.90 

0.2 2.0 -0.73 2.Jl 

0.2 2.2 -0.21 2.18 

0.3 2.S 0.94 3.19 

0.3 2.8 0.00 3.30 

0.3 3.1 0.00 3.42 

1.8 ·,.9 11.99 IS.$3 

0.3 5.2 -12.07 us 
0.3 s.s 0..42 4.69 
7.6 13.1 0.00 Ul 

13.l 

S.12 

112.0 

11.50 
118.55 
l?{l.00 
92,62 

- -

N 
U1 



Table 10
Oxidation Test Report - Nitric Acid

Sample Weight (lbs) ________ 4.409 Reagent Pe Added (mg): 0.00

Au (oi/T): 0.044 Ag (oi/T): 0.21 Pe(96): 583 Cu (ppm) 343.0 Ai(ppm): 128.0

mg Au: 3.02 mg Ag: 14.40 mg Pe: 110.394.98 mgCu: 1.083.93 mg At: 233.99

Toul Pe (mg): 110,394.98

Targerpll: “ 1.0 N*CN (Ibs/T): N/A
Lime Wt (grams) N/A NnCN Wt (grams) N/A

Sample Sample Cumulative Daily Cumulative

Volume Volume Eh Free N.CN Dissolved Pe Amy mg F« mg Pe Recovery Fe Recovery
Due Day (liters) (mil) pH (mv) (ll»/T> 02 (ppm) (ppm) Pe (mg) Pe w -=____ &L—

16—Aug—94 0 2.01 107 0.34 797 N/A N/A 11530.0 23215.5 1233.9 1233.9 20.99 20.99

I7-Aug—94 1 2.01 114 0.43 720 N/A N/A 16070.0 32300.7 1832.0 3067/1 8.21 30.32

18 —Aug—94 2 2.01 112 0.67 700 N/A N/A 18760.0 37707.6 2101.1 5169/1 489 3687
19 —Aug—94 3 2.01 97 0.77 703 N/A N/A 18500.0 37I&S.0 1794.5 6963.5 -0.47 36.30

22-Aug-94 6 2.01 976 0.76 713 N/A N/A 21469.0 43192.9 20973.3 27936.7 5.43 43.35

23-Aug—94 7 2.01 102 0.61 720 N/A N/A 14900.0 29949.0 1519.8 29456.5 -11.98 52.34

24 - Aug—94 8 2.01 108 0.60 714 N/A N/A 13720.0 27577.2 1481.8 30938.3 -2.14 5187
25 —Aug—94 9 2.01 103 0.63 715 N/A N/A 12060.0 24240.6 I24Z2 '32180.5 -3.02 4989

26-Aug-94 10 2.01 93 0.60 711 N/A N/A 12910.0 25949.1 1200.6 33381.1 184 5286

29—Aug—94 13 2.01 2733 0.77 681 N/A N/A 10300.0 20703.0 28170.5 61551.6 -4.74 48.90

TouU: 4547 Total (mg) 615318

Solution Recovery (96) 5583

Residue Assay (96) 1.71

"Hd/Tl* Recovery (96) 6988

Calc Hd (96) 4.79

Assay Hd (96) 583

Accountability (96) 8688

toON

- - - - - - - - - - - - - - - - - - -
Table 10 

Oxidation Test Report - Nitric Acid 

Simple Weight (lb.) 4.409 Re1gent Fe Added (mg): 0.00 

Au (oz/I): 0.044 Ag (oz/I): 0.21 Pc ('I,): .S • .S3 Cu (eem) .so.o Al(eEl: 128.0 

mg Au: 3.02 m1Aa: 14.40 mg Pc: 110 • .594.98 mg Cu: 1,08.S.9.S maAJ: 2.5.5.99 

Total Pe (ms): I 10,594.98 

T111er eH: -1.0 NaCN (II»~!): NIA 
Lime Wt (grams): NIA NaCN Wt (grams): NIA 

Sample Sample Cumulative Dally CumuLati¥e 

Volume Volume Eh Pree NaCN Oiuolvcd Po Alsay mg Po m1 Pe Rco:,,,ery PeRcawery 
O.atc Day (litcn\ (mil\ oil (mv\ (lbs/f\ 02 lnnm\ fonm\ Pc lm1\ p. ('I,\ (1'\ 

16-Aug-94 0 2.01 107 0 . .54 797 NIA NIA I 1.550.0 2321S.S 123.5.9 123.5.9 20.99 20.99 
17-Aug-94 I 2.01 II ◄ 0.4.5 720 NIA NIA 16070.0 32300.7 1832.0 3067.8 8.11 )0.)2 
18-Aug-94 2 2.01 112 0.67 700 N/A NIA 18760.0 37707.6 2101.1 .5169.0 4.89 36.87 
l9-AuR-94 3 2.01 97 0.77 703 N/A NIA 18500.0 371&S.O 1704..5 6961..5 -0,47 18.30 
22-Aua-94 6 2.01 076 0.76 71.5 NIA NIA 21489.0 43192.0 20973.3 27936.7 .s.o 45.J.5 
23-Aua-94 7 2.01 102 0.61 720 NIA NIA 14900.0 29949.0 l.519.8 29456..S -11.98 Sl.34 
24-AuJt-94 8 2.01 108 0.60 714 NIA NIA 13720.0 21.sn.2 1481.8 30938.3 -2.14 Sl..57 
2.S-Aul!-94 9 2.01 103 0.6.S 71.S NIA NIA 12060.0 24240.6 1242.2 '32180.S -3.02 49.89 
26-Aug-94 10 2.01 93 0.60 711 NIA NIA 12910.0 2.5949.l 1200.6 33381.1 1..54 .52.56 
20-Aua-94 13 2.01 273.S 0.77 681 NIA NIA 10300.0 20703.0 281'10 . .S 61.5.St.6 -4.74 48.90 

Totab: 4.547 Tot.al(mg) 615.Sl.6 

Solution Rcoovory ('l&) SS.6.S 

Residue luuy ('I,) 1.71 

"Hd/11" Recovery ('I,) 69.08 

Cale Hd ('I,) 4.79 

AnayHd('I,) S..53 

Acco U DLA bili f)' ('I,) 86..58 



Table 10 cont’d
Oxidation Test Report - Nitric Acid

Sample Cumulative Daily Cumulative Sample Cumulative Daily Cumulative
Cu Assay mg Cu mg Cu Recovery Cu Recovery A* Assay mg As mg As Recovery As Recovery

(ppm) Cu (mg) Cu (9b) (9b) (ppm) At (mg) Ai (9b) (9b)

16-Aug-94 461.S 927.6 49.4 49.4 85.42 85.42 50.43 101.4 5.4 5.4 39.60 39.60
!7-Aug-94 441.00 886.4 30.3 99.7 -3.79 86.17 62.36 125.3 7.1 12.5 9.37 51.07
18 —Aug—94 431.70 867.7 48.4 148.0 -1.72 89.08 70.61 141.9 7.9 20.4 6.48 60.33
19 —Aug —94 363.00 733.7 33.4 183.4 -12.35 81.19 62.29 125.2 6.0 26J -6J3 56.88
22-Aug-94 383.40 774.7 376.2 359.6 3.78 88.22 73.55 147.8 71.8 98.2 8.84 68.09
23—Aug —94 219.90 442.0 22.4 582.0 -30.63 92.23 44.07 88.6 4.5 102.7 -23.15 72.98
24—Aug—94 189.90 381.7 20.3 602.5 -535 88.74 37.93 76.2 4.1 106.8 -4.82 69.92
25-Aug—94 178.30 338.4 18.4 620.9 -2.15 88.48 35.20 70.8 3.6 110.5 -2.14 69.37
26 —Aug—94 182.80 367.4 17.0 637.9 0.83 91.01 33.49 67.3 3.1 113.6 -1.34 69.45
29 —Aug-94 119.80 240.8 327.7 965.5 -11.66 80.91 24.51 49.3 67.0 180.6 -7.05 63.61

Toul (mg) 965.5

Solution Recovery (96) 88.91

Retidue Amy (ppm) 53.3
*Hd/Tl* Recovery (%) 90.18
Calc Hd (ppm) 536.08

A»ay Hd (ppm) 543.00

Accountability (9b) 98.73

Toul (mg) 180.6

Solution Recovery (9b) 70.5J

Roidue Array (ppm) 59.0

■|ld/n* Recovery (9b) 53.91

Calc Hd (ppm) 149.31

Aaaay Hd (ppm) 128.00

Accouaubility (9b) 116.65

- - - -

Cu Assay 
Dale (ppm\ 

\6-AUR-94 ◄ 61.S 
17-AUR-94 Ut.00 
18-AuR-94 431.70 
19-Aug-94 365.00 
22-Aug-94 385.40 
23-Aua-94 219.90 
24-Au11-94 189.90 
25-Aug-94 178.30 
26-Aug-94 182.80 
29-AuR-94 119.80 

- - - - - - - - - - - - -

Dl8 

Sample 

Cu 
Cu {mR\ 

927.6 ◄ 9.◄ 
886.◄ .50.3 
867.7 48.4 
733.7 35.4 
774.7 376.2 
442.0 22.4 
381.7 20.5 
358.4 18.4 
367.4 17.0 
240.8 327.7 

Toi.I (mg) 
Solu1io11 Reoovcry (96) 
Retiduc Auay (ppm) 
•Hd/TI• Recovery(%) 
Cale Hd(ppm) 
AIHy Hd (ppm) 
Acoouotabilicy (9&) 

Table 10 cont'd 
Oxidation Test Report - Nitric Acid 

Cumulative O..ily Cumulative 
mg Cu RcCOYery Cu Reoovcry 
Cu {'lf,\ ('lf,\ 

49.4 8.5.42 BS.42 
99.7 -3.79 86.17 

148.0 -1.72 89.08 
183.4 -12.35 81.19 
559.6 3.78 88.22 
582.0 -30.63 92.23 
602..S -5..55 88.74 
620.9 -2.15 88.48 
637.9 0.83 91.01 
965.5 -ll.66 80.9\ 

96.S . .5 

88.91 
.53.3 

90.18 
536.08 
.543.00 

98.73 

foom\ 

S0.43 

62.36 
10.61 
62.29 
13.55 
44.07 
37.93 
35.20 

33.49 
24.51 

mg 

Sample 

Al 

Al (ma\ 

IOU s., 
125.3 7.1 
141.9 7.9 

12.S.2 6.0 
147.8 71.8 
88.6 4..5 
76.2 4.1 
10.8 3.6 
67.3 3.1 
49.3 67.0 

Toi.I (ma) 
Solution RoCOYcry (9&) 
Rctidue AIHy (ppm) 
•Hd/TI• Recovery ('ll>) 
Cale Hd (ppm) 
Aasay Hd (ppm) 
.Acoou11tability ('lfi) 

Cumulalive Daily Cumulative 
mg /U Rcawcry /U RcCOYcry 
Al (91,\ ('JI,\ 

S.4 39.60 39.60 

12.S 9.37 Sl.01 

20.4 6.48 60.33 
26..5 -6..53 .56.88 
98.2 8.8-4 68.()9 

102.7 -23.15 71.98 
106.8 -4.82 69.92 
110.5 -2.14 69.37 

I 13.6 -1.34 69.45 
180.6 -7.05 63.61 

180.6 

70.55 
59.0 

S3.91 
149.31 

128.00 

116.6.5 

..,. ,,, 

- -



28

Oxidation

On the basis of iron and arsenic dissolutions, nitric acid was by far the most 
effective oxidant. Approximately 64.3% (peak level) of the total iron and 73.0% of the 
arsenic were solubilized during oxidation. However, since not all of the iron in the 
sample is present as sulfide iron, the amount of sulfide iron that was solubilized was 
calculated to be approximately 78% based on the iron and sulfide head assays.and 
assuming that all of the sulfide is present as pyrite. The sulfide iron dissolution 
corresponds reasonably well with the total sulfide dissolution of as much as 80.2% based 
on the sulfur and sulfate analyses of the test feed and residue.

The iron and sulfide sulfur conversions (dissolution) of approximately 80% 
(rounded off) are nearly 10 percentage points higher than would be possible theoretically 
with a HN03 addition of 72% of the stoichiometric quantity. The disparity between the, 
addition and conversion percentage likely reflects the degree of "natural" oxidation which 
was calculated to be approximately 12% based on the head assays of total sulfur (4.84) 
and sulfide sulfur (4.24%). Overall, therefore, there appears to be reasonable 
agreements between the oxidation data and reagent addition.

The cumulative iron and, especially, arsenic dissolutions appeared to decrease 
measurably during the last several days of oxidation. The results indicated that some re­
precipitation of iron and arsenic occurred as basic ferric arsenates. This is possible due 
to free acid depletion with time and the high ferric iron to arsenic ratios in solution, 
which ratios would favor precipitation. It would be useful to change liquors periodically 
during the test to avoid re-precipitation, although it is unlikely that such a phenomenon 
would adversely affect the subsequent gold cyanidation behavior.

The other chemical oxidants were much less effective and resulted in low iron and 
arsenic solubilities and sulfide sulfur conversions. Ferric sulfate, however, appeared to 
provide the next highest iron and arsenic solubilities of 19.9 and 31%, respectively, but 
the results did not correlate well with the very low calculated sulfide sulfur conversions 
as did the nitric acid test results. There was small increase in iron and arsenic 
dissolutions in the ferric sulfate and ferric chloride tests when the reagent concentrations 
were increased on day 14. However, the iron solubilities leveled off again after only one 
day, and arsenic solubilities decreased, likely due to similar re-precipitation as observed 
for the nitric acid test. It is conceivable that higher oxidation levels would result with 
significantly higher reagent additions.

Copper dissolutions were highest (88-90%) with nitric acid and ferric sulfate, and 
were lower with the two chloride reagents.

I 
I 
I 
I 
I 
I 
I 
I 
I 
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28 

Oxidation 

On the basis of iron and arsenic dissolutions, nitric acid was by far the most 
effective oxidant. Approximately 64.3% (peak level) of the total iron and 73.0% of the 
arsenic were solubilized during oxidation. However, since not all of the iron in the 
sample is present as sulfide iron, the amount of sulfide iron that was solubilized was 
calculated to be approximately 78% based on the iron and sulfide bead assays. and 
assuming that all of the sulfide is present as pyrite. The suJfide iron dissolution 
corresponds reasonably well with the total sulfide dissolution of as much as 80.2% based 
on the sulfur and sulfate analyses of the test feed and residue. 

The iron and sulfide sulfur conversions (dissolution) of approximately 80% 
(rounded off) are nearly 10 percentage points higher than would be possible theoretically 
with a HN03 addition of 72% of the stoichiometric quantity. The disparity between the, 
addition and conversion percentage likely reflects the degree of "natural" oxidation which 
was calculated to be approximately 12% based on the head assays· of total sulfur (4.84) 
and sulfide sulfur (4.24% ). Overall, therefore, there appears to be reasonable 
agreements between the oxidation data and reagent addition. 

The cumulative iron and, especially, arsenic dissolutions appeared to decrease 
measurably during the last several days of oxidation. The results indicated that some re­
precipitation of iron and arsenic occurred as basic ferric arsenates. This is possible due 
to free acid depletion with time and the high ferric iron to arsenic ratios in solution, 
which ratios would favor precipitation. It would be useful to change liquors periodically 
during the test to avoid re-precipitation, although it is unlikely that such a phenomenon 
would adversely affect the subsequent gold cyanidation behavior. 

The other chemical oxidants were much less effective and resulted in low iron and 
arsenic solubilities and sulfide sulfur conversions. Ferric sulfate, however, appeared to 
provide the next highest iron and arsenic solubilities of 19.9 and 31 %, respectively, but 
the results did not correlate well with the very low calculated sulfide sulfur conversions 
as did the nitric acid test results. There was small increase in iron and arsenic 
dissolutions in the ferric sulfate and ferric chloride tests when the reagent concentrations 
were increased on day 14. However, the iron solubilities leveled off again after only one 
day, and arsenic solubilities decreased, likely due to similar re-precipitation as observed 
for the nitric acid test. It is conceivable that higher oxidation levels would result with 
significantly higher reagent additions. 

Copper dissolutions were highest (88-90%) with nitric acid and ferric sulfate, and 
were lower with the two chloride reagents. 
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Cvanidation

The highest gold dissolution of 77.5% was obtained from the nitric acid oxidized 
residue, based on a residue assay of 0.010 oz Au/ton and a calculated head of 0.044 oz • ‘ 
Au/ton. Assuming a constant residue assay, the recovery would be 77.8% based on the 
average direct head of 0.045 oz Au/ton, and 80.0%, for example, if the head assay were
0.050 oz Au/ton.

Gold dissolutions were substantially completed after 48 hours of leaching. 
Leaching for another 48 hours resulted in an additional gold recovery of only 
approximately 2 percentage points. Total silver dissolution was 67.1%. Based on the 
mineralogy information presented later in this report, it is likely that significantly higher 
gold recoveries would result if larger amounts of nitric acid were to be added to. cause 
sulfide sulfur conversions of greater than 80%.

Gold dissolutions were lower in the other tests, due to the lower oxidation levels.. 
Dissolutions were from 44.0% to 60.6%, which are significantly higher than the baseline 
test. However, the calculated head assay spread ranged from 0.036 to 0.054 oz Au/ton, 
which variations made it difficult to draw valid comparisons. Again, residue assay 
anomalies appeared to be responsible for the variations. Consequently, there appears 
to be no systematic relationship between gold dissolutions and the sulfide sulfur 
conversions for the ferric sulfate and chloride reagents tests.

Sodium cyanide consumptions were relatively high for all the oxidation tests, and 
for the nitric acid test, the consumption was 3.68 lb/ton of ore. The high consumptions 
may have reflected the effects of cyanicides such as sulfides which were still present in 
the residue due to incomplete sulfide sulfur conversion. From previous test work 
experience, cyanide consumptions were very low in cases where virtually complete 
conversion of sulfides and cyanicides was caused by using comparatively higher 
stoichiometric additions of nitric acid than in this work. Future testing should address 
attempts to reduce cyanide consumptions on the Gilt Edge ore.

Lime addition in the nitric acid test was 24.3 lb/ton, which amount is a reflection 
of the degree of washing of the oxidized residue. Future work, therefore, should 
quantify more systematically the relationship between washing extent and reagent 
consumptions in cyanidation.

Residue Assay/Size Analysis

The cyanidation residue from the nitric acid test was subject to a assay/size 
analysis as shown in Table 11. When compared with the feed assay/size analysis (Table 
2, page 10, of this report), the residue was finer grained, with, for example, 53.4 weight 
% passing 1/4-inch in the residue, versus 48.8 weight % passing the same size of the 
feed. The amount of minus 100-mesh material increased to 26.6 weight % in the residue 
from 16.6 weight % in the feed. The finer particle size distribution of the residue likely

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

29· 

Cyanidation 
•' . , . . . 

The highest gold dissolution of 77.5% was obtained from the nitric acid oxidizeg. ·. 
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Sodium cyanide consumptions were relatively high for alJ the oxidation tests, and 
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may have reflected the effects of cyanicides such as sulfides which were still present in 
the residue due to incomplete sulfide sulfur conversion. From previous test work 
experience, cyanide consumptions were very low in cases where virtually complete 
conversion of sulfides and cyanicides was caused by using comparatively higher 
stoichiometric additions of nitric acid than in this work. Future testing should address 
attempts to reduce cyanide consumptions on the Gilt Edge ore. 

Lime addition in the nitric acid test was 24.3 lb/ton, which amount is a reflection 
of the degree of washing of the oxidized residue. Future work, therefore, should 
quantify more systematically the relationship between washing extent and reagent 
consumptions in cyaoidation. 

Residue Assay/Size Analysis 

Toe cyanidation residue from the nitric acid test was subject to a assay/size 
analysis as shown in Table 11. When compared with the feed assay/size analysis (fable 
2, page 10, of this report), the residue was finer grained, with, for example, 53.4 weight 
% passing 1/4-inch in the residue, versus 48.8 weight % passing the same size of the 
feed. The amount of minus 100-mesh material increased to 26.6 weight% in the residue 
from 16.6 weight% in the feed. The finer particle size distribution of the residue likely 



Table 11 30
Nitric Acid Test Residue Assav/Size Analysis 

And Gold Recoveries Bv Size

Size
Fraction

Weight,
%

Cumalutive 
Weight, % 

Passing

Assays, Distributions, %

Au,
oz/ton

Sm
• % An S(T)

Plus 1/4-inch 4657 53.43 0.010 0.95 46.4 52.0

1/4-inch x 10-mesh 1455 38.88 0.006 0.42 8.7 7.2

10 x 20-mesh 6.38 32.50 0.005 0.88 3.2 6.6

20 x 35-mesh 3.12 29.38 0.009 1.07 2.8 3.9

35 x 65-mesh 2.01 27.37 0.006 1.01 1.2 2.4

65 x 100-mesh 0.76 26.61 0.006 2.26 ' 0.5 2.0

Minus 100-mesh 26.61 - 0.014 0.83 37.2 25.9

Head (Calculated) 100.00 - 0.010 0.85 100.0 100.0

Head (Assay) - - 0.010 1.24 -- -

Gold Dissolu 
Fracit

tions by Size 
ion, %

Size Fraction Balance^ Assay^

Plus 1/4-inch 70.7 67.7

1/4-inch x 10-mesh 81.5 81.8

10 x 20-mesh 90.6 89.6

20 x 35-mesh 92.0 88.0

35 x 65-mesh 98.2 96.0

65 x 100-mesh 97.6 94.9

Minus 100-mesh 84.2 90.2

17 Dissolutions calculated trom metallurgical balance for each traction.
2/ Dissolutions calculated from head and residue assays for each fraction.
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Fraction 
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1/4-inch x l~mesh 

10 x 20-mesh 

20 x 35-mesh 

35 x 65-mesh 

65 x 100-mesh 

Minus 100-mesh 
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Head (Assay) 

Size Fraction 

Plus 1/4-inch 

1/4-inch x l~mesh 

10 x 20-mesh 

20 x 35-mesh 

35 x 65-mesh 

65 x 100-mesh 

Minus 100-mesh 

Table 11 
Nitric Acid Test Residue Assay/Size Analysis 

And Gold Recoveries Bv Size 

Assays, 

Weight, Cumalutive Au, srn 
% Weight,% oz/ton ,% 

Passing . 
46.57 53.43 0.010 0.95 

14.55 38.88 0.006 0.42 

6.38 3250 0.005 0.88 

3.12 29.38 0.009 1.07 

2.01 27.37 0.006 1.01 

0.76 26.61 0.006 2.26 

26.61 -- 0.014 0.83 

100.00 -- 0.010 0.85 

-- -- 0.010 1.24 

Gold Dissolutions by Size 
Fracition, % 

Balance1' Assay1/ 

70.7 67.7 

81.5 81.8 

90.6 89.6 

92.0 88.0 

98.2 96.0 

97.6 94.9 

84.2 90.2 

Uissolut10ns calculated trom metauurg1cal balance tor each traction. 
Dissolutions calculated from head and residue assays for each fraction. 
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Distributions, % 

Ao Sm 

46.4 520 

8.7 7.2 

3.2 6.6 

28 3.9 

1.2 24 

0.5 2.0 

37.2 25.9 

100.0 100.0 

-- -
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reflected attritioning effects from the prolonged bottle leaching time which totalled 17 
days for the oxidation and cyanidation stages. Particle decrepitation from the acid attack 
may also have contributed to the finer size distribution.

Approximately 46 and 37% (83% altogether) of the unleached gold occurred in 
the plus 1/4-inch and minus 100-mesh fractions. Similarly large distributions of 
unoxidized sulfur occurred in those same fractions.

Table 12 also shows the dissolutions of gold by particle size. The dissolutions 
were calculated based on head and residue assays, as well as by a metallurgical balance 
calculated for each fraction, to reflect the weight differences in the feed and residue. 
The dissolutions are substantially the same and show that gold dissolutions were lowest 
(i.e., 67.7-70.7%) in the plus 1/4-inch fraction, but averaged over 90% in the minus 1/4- 
inch material as shown by the follow summary results.

Table 12
Summary Results. Gold Recoveries by Size

Size Weight Composite Gold
Fraction % Dissolutions, % By Size

Plus 1/4-inch 46.6 70.7

Minus 1/4-inch 53.4 90.7

Weighted Average 100.0 81.4

The weighted average gold dissolution of 81.4% confirmed reasonably closely the 
overall gold recovery of 77.5% calculated from the nitric acid test metallurgical balance. 
The slightly higher dissolution likely reflected the higher than normal calculated head 
assay of the feed assay/size analysis.

Based on experience, it is likely that the gold dissolutions can be improved from 
the coarse size fraction by using higher nitric acid additions.

Surface Area/Porosity of Residue

Table 13 shows a comparison of surface area, pore volume, and pore radii for the 
crushed feed sample and nitric acid test residue. The surface area and pore volume 
increased considerably in the residue sample than in the feed. The pore volume 
differential of almost two in this case probably is the most meaningful indicator of the 
effects of oxidation. The surface area increase in the residue appears out of proportion 
to what experience on other materials would indicate. Attritioning effects likely also 
contributed to the large surface area increase.
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The weighted average gold dissolution of Sl.4% confirmed reasonably closely the 
overall gold recovery of 77.5% calculated from the nitric acid test metallurgical balance. 
The slightly higher dissolution likely reflected the higher than normal calculated head 
assay of the feed assay/size analysis. 

Based on experience, it is likely that the gold dissolutions can be improved from 
the coarse size fraction by using higher nitric acid additions. 

Surface Area/Porosity of Residue 

Table 13 shows a compa.rison of surface area, pore volume, and pore radii for the 
crushed feed sample and nitric acid test residue. The surface area and pore volume 
increased considerably in the residue sample than in the feed. The pore volume 
differential of almost two in this case probably is the most meaningful indicator of the 
effects of oxidation. The surface area increase in the residue appears out of proportion 
to what experience on other materials would indicate. Attritioning effects likely also 
contributed to the large surface area increase. 



Table 13 .-.;3Vv;“.

Comparsion of Surface Areas and Porosities of
Feed and HNQ3 Residue Samples *: . V’-.,’2 .

* •/ .-“V. ‘ -

Sample

. Physical Measurement Data c -

Surface
Area

m2/gram .'

Solids Pore 
Volume 
cc/gram

Pore I&dius
' A'f%

Feed 1.56 0.0144

00T
—
<

HNO3 Residue 7.56 0.0269 71.2.
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The pore radius decreased in the residue from that of the feed, which result is the 
opposite of that observed from experience. Ordinarily, the pore - radius increases 
generally in proportion to the pore volume increase. . It is quite conceivable, however, 
that the decreased pore radius in the residue, reflected the precipitation ofbasis ferric 
arsenates in the various pores and channelways, which precipitates could'easily result in' 
smaller pore radii.

The above results are based on a relatively small number of rock fragments that 
can be used for the analyses. Consequently, a larger number of analyses need to be 
performed to reduce the experimental variation inherent in the use of small sample 
amounts for such determinations. However, the available results indicated that 
significant increases occurred in surface areas and porosities, and the results are 
consistent with other experience with nitric acid oxidation of ores similar in many 
respects to those of the Gilt Edge ore.

Mineralogy

Hazen Research, Inc., conducted mineralogical examinations of the crushed head 
sample and the oxidized and cyanide leached residue from the nitric acid test. The 
purposes were to determine the textural features of the feed and residue as such features 
relate to oxidation mechanisms, and to evaluate the occurrences of unleached gold and 
sulfides. Hazen’s report, authored by Roland Schmidt, Mineralogist, follows in its 
entirety.

Samples

The samples received on September29,1994, consisted of screen fractions 
of head ore and the residue sample designated:

1. Dakota 943002 
+6-mesh 
6x10 
10x20 
20x35 
35X65 
65X100 

■100

2. CN Leach Residue Test #6

Sample Preparation

For the investigation the head ore screen fractions, except the -100-mesh, 
were reconstituted into a single sample and the leach residue was wet screen at 
100-mesh after ultrasonic dispersion to remove slimes. Both samples were first 
examined with a binocular microscope for gross features and particles in the 10- 
mesh x 1/4-lnch size range were handpicked for polished section preparation to 
be used for subsequent microscopic analysis.. A brief description of. the 
microscopic observation follows.
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Mineralogy 

Hazen Research, Inc., conducted mineralogical examinations of the crushed head 
sample and the oxidized and cyanide leached residue from the nitric acid test. The 
purposes were to determine the textural features of the feed and residue as such features 
relate to oxidation mechanisms, and to evaluate the occurrences of unleached gold and 
sulfides. Hazen's report, authored by Roland Schmidt, Mineralogist, follows in its 
entirety. 

samples 

The samples received on September 29, 1994, consisted of screen fractions 
of head ore and the residue sample designated: 

1. Dakota 943002 
+6-mesh 
6x10 
10X20 
20x 35 
35X65 

65 X100 
·100 

2. CN Leach Residue Test 86 

sample Preparation 

For the lnvestJgatJon the head ore screen fractions, except the -100-mesh, 
were reconstituted Into a single sample and the leach residue was wet screen at 
100-mesh after ultrasonic dispersion to remove slimes. Both samples were first 
examined with a binocular microscope for gross features and particles In the 10· 
mesh x 1/4-lnch size range were handpicked for pol/shed section preparation to 
be used for subsequent microscopic analysis. . A brief description of the 
microscopic observation follows. 



Head Ore 3/Wnch x tUmUL^ii

Binocular microscope examination of the head ore showed that the 
sample consists mostly of light colored coarse and fine grained siliceous minerals 
and minor Piotlte orphlogoplte and muscovite. Some particles are stained bylron 
oxides. Pyrlte Is very abundant, estimated 10-20%, occurring mainly as euhedral 
crystals and crystal aggregates both liberated arid disseminated through the 
siliceous gangue particles. Pyrlte euhedra are as coarse as 3 mm. under low 
power magnification the rock particles are not noticeably fractured. A few 
gangue particles show cube-shaped cavities partially filled with earthy Iron oxides 
derived from oxidation of euhedral pyrlte. Microscopic polished section analysis 
at about 200x magnification showed pyrlte as the dominant opaque mineral with 
minor amounts of goethlte, hematite, anatase, and traces of chalcopyrlte and 
pyrrhotite hosted In the siliceous matrix consisting mostly of quartz and feldspar 
with moderate clay alteration and minor carbonate ? velnlng. As already noted 
In the binocular microscopic examination, the majority of the pyrlte occurs as 
single euhedral crystals and crystal aggregates both liberated and Intergrown 
with the siliceous components. Frequently the pyrlte carries gangue inclusions. 
Pyrlte particle size shows a wide range varying from < 10 microns to about 3 mm 
with an estimated average range of200-400 microns. The goethlte occurs chiefly 
along fractures, sometimes accompanied by carbonate ?, as Interstitial fillings In 
siliceous matrix, as local colloform masses and occasionally as coatings on pyrlte. 
Although no actual pyrlte replacement was observed In the polished section, It 
Is expected that goethlte derived from pyrlte oxidation which Is consistent with 
earlier observations under the binocular microscope. Clay alteration usually 
occurs associated with feldspar but also as fillings of interstitial spaces and pores 
within the rock fabric. With respect to permeability, the gangue particles vary 
from highly Impervious to moderately and highly fractured, however even more 
Impervious particles show a significant degree of porosity with pores evidently 
occupied by clay minerals. Furthermore many of the gangue particles consist of 
relatively fine grained aggregates of the constituent minerals with abundant 
Interstitial clays which would be expected to allow diffusion of solutions. •

Cyanide Leach Residue 3/8-Inch x 100-mesh

Binocular microscope examination showed noticeable rounding of the 
siliceous matrix particles and more widespread discoloration by Iron oxides. An 
estimated 1-3% pynte occurs as liberated corroded particles and <1% occurs as 
superficial partially exposed Intergrowths with gangue matrix particles. Many of 
the matrix particles show square cavities formerly occupied by cubic pyrlte 
crystals. Microscopic polished section study of 6-mesh x 1/4-inch particles In their 
cross-sections, showed a significant reduction of the pyrlte content compared to 
the head sample, although pyrlte is still plentiful amounting to an estimated 1-2%. 
in various gangue particles a complete range of pyrlte dissolution can be 
observed varying from complete dissolution through partial dissolution to totally 
unaffected pyrlte occurrences. Where complete dissolution has occurred the 
leached out cavities show the characteristic morphology of original euhedral 
pyrlte. To establish whether there Is a distinct correlation between the degree 
of fracturing and pyrlte dissolution, the examination revealed numerous examples 
where pyrlte dissolution from seemingly Impervious gangue has occurred without 
any obvious connection to any fracturing. Difficult to explain are some 
occurrences showing evidence of complete dissolution of pynte In moderately 
Impervious particles In close proximity to residual pynte partially exposed at the 
gangue particle periphery. Regarding these observations It must be kept In mind 
that In polished sections only two dimensions are observed which are not 
necessarily representative of the whole Intenor texture of a given particle.
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Binocular microscope examination of. the head ore Showed that tile 
sample consists mostly Of Ught colored coarse and fine grained s1uceous 1111nera1s , · . 
and minor blatite or ph/agopfte and muscovtte. some particles are stained bv, Jion· 
oxides. Pyrite Is very abundant, estimated· 10-20%, _occurrtng maln/V as eutredra/. 
crystals and crystal aggregates both UberatecJ and cJTssemlnated tnrough the 
slllceaus gangue particles. Pyrite euhedra are as coarse as 3 mm. Under low 
power magnlffcat/on the rock particles are:not notlceab,V fractured. A feW · 
gangue particles Show cube-shaped cavities part/ally ff/led with earthy Iron oxides 
derived from oxidation of euhedral pyi1te. Mlcroscot,Jc fJOllshed section ana/yS/s 
at about 200x magnlffcatlon showed pyrite as the· dominant opaque mineral with 
minor amounts of goethlte, hematite, anatase, ·and traces of chalcopyrtte and 
pyrrhatlte hasted In the siliceous matrix consisting mostly of auartz and feldspar 
with moderate clay alteration and minor carbonate ? veining. As already noted 
In the binocular microscopic examination, the ma}orttv of the pyrtte occurs as 
single euhedral crystals and crystal aggregates both I/berated and (ntergrown 
with the siliceous components. FreauentJy the pyrtte carries gangue Inclusions. 
Pyrite particle size shows a wide range varying from < 10 microns ta about 3 mm 
with an estimated average range of 200-400 microns. The goethlte occurs chlef/V 
along fractures, sometimes accompanied by carbonate ?, as Interstitial fflllngs In 
s/1/ceaus matrix, as local colloform masses and occaslanal/V as coatings on pyrtte. 
Although no actual pyrite replacement was obServed In the polished section, It 
Is expected that gaethlte derived from pyrite oxidation which Is consistent with 
earlier observations under the binocular microscope. Clay alteration usual/V 
occurs associated with feldspar but also as fflllngs of Interstitial spaces and pores 
with/ n the rock fabric. With respect to permeability, the gangue particles vary 
from hlghty Impervious to moderatety and hlgh,V fractured, however even more 
Impervious particles show a significant degree of porosity with pores evldent,V 
occupied by clay minerals. Furthermore many of the gangue particles consist of 
relatlvety fine grained aggregates of the constituent minerals with abundant 
Interstitial clays which would be expected to allow diffusion of solutions. · 

cyanide Leach Residue 3/8-lnch x 1CJO-mesh 

Binocular microscope examination showed noticeable rounding of the 
slllceous matrix particles and more widespread cJTscoloratlon by Iron oxides. An 
estimated 1·3% pyrite occurs as liberated corroded particles and <1% occurs as 
superficial partlal/V exposed lntergrowths with gangue matrix particles. Many of 
the matrix particles show sauare cavities former,V occupied by cubic pyrite 
crystals. Microscopic polished section study Of 6-mesh x 1I4-fnch particles In their 
cross-sections, showed a significant reduction of the pyrite content compared to 
the head sample, although pyrite Is st/II p/entlfUI amounting to an estimated 1 ·2%. 
In various gangue particles a complete range of pyrite dissolution can be 
observed varying from complete cflssolutlon through part/at dissolution to total/V 
unaffected pyrite occurrences. Where complete dissolution has occurred the 
leached out cavities show the characteristic morphology of original euhedra/ 
pyrite. To establish whether there Is a distinct correlation between the degree 
of fracturing and pyrite dissolution, the examination revealed numerous examples 
where pyrite dissolution from seemtng,v Impervious gangue has occurred without 
any obvious connection to any fracturing. Difficult to explain are same 
occurrences showing evidence of complete dissolution of pyrite In maderate,V 
Impervious particles In close proximity to residual pyrite part/a/IV exposed at the 
gangue particle periphery. Regarding these observations It must be kept In mind 
that In pal/shed sections onty two dimensions are observed which are not 
necessarlty representative of the whale Interior texture of a given particle. 
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Conclusions . *

From this Investigation It Is concluded that unrecovered gold occurs In-, 
residual pynte which Is still quite abundant In the nitric add leach. Even though 
a certain portion of the residual pyrlte occurs encapsulated In rather Impervious 
gangue and would not be readily accessible to oxidation, there Is abundant • 
liberated pyrlte and pyrlte situated along fracture paths that could be readily . 
oxidized with sufficient add or longer retention times.

The CN soluble gold from the baseline tests, l.e., tests without prior oxidation, 
undoubtedly reflect die gold liberated from the pyrlte during natural oxidadon 
of some of the pynte.

Figures 4 through 8 are photomicrographs illustrating some of the features 
described above.
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From this Investigation ft Is concluded that unrecovered golrJ ·occurs In -. : · . ~ 
residua/ pyrite which Is still quite abundant In the nitric acid teach. Even though . . · -
a certain portion of the residua/ pyrite occurs encapsulated In rather Impervious · ·. · 
gangue and would not be readily accessJble to oxidation, there Is abundant: • . . 
I/berated pyrite and pyrite situated along fracture paths that could' be. read/IV, .: · · ··: · 
oxidized wttn sufficient acid or longer retention times. ~ · 

. 
The CN soluble gold from the base/lne tests, I.e., tests without pr/or oxidation, 
undoubtedly reflect the gold liberated from the pyrite during natural oxidation 
of some of the pyrite. · 

Figures 4 through 8 are photomicrograpbs illustrating some of the features 
described above. 



HEAD ORE

Photomicrograph showing aggregate of euhedral 
pynte crystals (creme colored) Intergrown with 
siliceous gangue (greenish grey).

SCALE = 100 microns 200x

FIGURE 4
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HEAD ORE 

Photomicrograph Showing aggregate of euhedral 
ovrtte crystals raeme coloredJ lntergrown with 
s/Dceous gangue <greenish greyJ. 

SCALE = 100 microns 200X 

FIGURE 4 
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LEACH RESIDUE

Photomicrograph of selected particles Illustrating 
square solution cavities derived from leaching of 
euhedrai pyrtte crystals and residual liberated 
coarse pyrtte showing corrosion effects.

SCALE = 3 microns 200x

FIGURE 5
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LEACH RESIDUE 

Photomicrograph of selected particles Illustrating 
sauare solutJon cavities dertved from teaching of 

I euhe<Jrat pyrtte crystals and residual Dberated 
coarse JJY(fte showing corrosion effectS. 

I SCALE = 3 microns 200x 
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Polished section showing example of encapsulated 
pyrtte crystal aggregate totally unaffected by the 
add leaching.

SCALE = 100mlcrons 200x

FIGURE 6
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LEAOI RESIDUE 

Polished section showing example of enc.apsu/ated 
pyrtte aystal aggregate tota/JY unaffected by the 
add leac/Jlng. 

SCALE= 10Qnlcrons 200x 

FIGURE 6 
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LEACH RESIDUE

Photomicrograph illustrating both partially leached 
pyrite crystals and complete pyrite dissolution 
(square and oblong outlines marking cavities 
fomnerly occupied by euhedral pyrite).

SCALE = 100 microns 200x

FIGURE 7
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LEAD-I RESIDUE 

Pnotomicrograpn Illustrating both partially 1eac11e<1 
pyrtte crystals and complete pvrtte c1/ssolutJon 
{S(lUare and oblong outllnes marking cavities 
formerty occupied by eune<1ra11JVrfteJ. 

SCALE = 100 microns 200x 

FIGURE 7 
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LEACH RESIDUE

Example of unleached pyrite In Impervious gangue 
and solution cavity (rhomb shaped outline) of 
leached out crystal located at a fracture.

SCALE = 100 microns 200x

FIGURE 8
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LEACH RESIDUE . 

Example of unleac/Jed pyrtte In impervious gangue 
and so/Ution cavity <rhornb shaped outJJneJ of 
1eae11e<1 out crystal located at a fracture. 

SCALE= 1oom1crons 200x 

FIGURE 8 
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CONCLUSIONS AND RECOMMENDATIONS

In respect of the principal objective of this project of determining the minimum 
degree of oxidation which results in economically important gold recovery increases, the 
test results suggest that a linear and equal relationship exists between oxidation and gold 
solubiltiy in cyanide. This suggestion is based on the gold recoveries of approximately 
77.5 to 81.4% (depending on calculated head) and the corresponding approximately•. 
80.2% sulfide sulfur conversion. The result is supported by the mineralogy, results which 
indicated clearly that higher acid addition likely would yield more complete oxidation 
and, hence, possibly higher gold recovery.

Having now established that the 3/8-inch crushed Gilt Edge ore is amenable to 
the nitric acid oxidation, it is recommended that additional testing would be advisable 
to define the oxidation/dissolution relationship more conclusively. The amount of. 
sulfides that are oxidized translates directly to the quantity of nitric acid required to 
result in a satisfactory gold dissolution. The nitric acid quantity is vital factor since, 
commercially, it is the cost for regeneration which will determine the economic viability 
of this oxidation method. Previous commercial evaluations showed that the largest 
capital and operating cost factors are associated with nitric acid regeneration. However, 
several approaches have now been identified to minimize the relative costs for 
regeneration.

Previous experience has also showed that the rates of oxidation can be increased 
substantially using higher nitric acid additions to the initial ore contact, and by using 
concentrated nitric acid rather than diluted forms to the extent that oxidation is 
accomplished in minutes, rather than many hours or days. Since no moisture (water) is 
added, the utilization of acid is very high to the extent that as much as 99% of the 
HN03 added is converted (from the chemical equation) almost immediately to NOx 
which is regenerated readily by water absorption to HNO3 which is recycled back to the 
ore reaction. The Gilt Edge ore appears to be suitable for such high rate reactivity 
based on the physical measurement data and mineralogy which shows the material to be 
relatively porous. Good porosity is a key element of successful oxidation of crushed ore. 
Therefore, the oxidation reaction is rapid enough to permit the use of sealed reactor 
equipment, such as a rotary kiln, which lends itself well to efficient off-gas collection. 
Such a system has been piloted successfully on other refractory gold ores.

Follow up laboratory test work, therefore, should be performed on the Gilt Edge 
crushed ore to evaluate high rate oxidation methods, with the goals of establishing the 
maximum oxidation rate in relation the nitric acid quantity. It would also be advisable 
to bracket coarser and finer ore crushing sizes so that the minimum crushing 
requirement can be determined. Such test work can be carried out readily using a bench 
scale reactor which simulates reliably pilot and commercial-sized rotary equipment.
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CONCLUSIONS AND RECOMMENDATIONS ,,.. 

-
In respect of the principal objective of this project of determining the minimum 

degree of oxidation which results in economically important gold recovery incre~es, the 
test results suggest that a linear and equal relationship exists between oxida_ti(?n f1Dd gold 
so]ubiltiy in cyanide. This suggestion is based on the gold r_ecoveries of approximately. . 
77.5 to 81.4% (depending on calculated head) and the corresponding apprbx:imat~ly-._.·· ~· 
80.2% sulfide sulfur conversion. The result is supported by the mineralogy:r~sults w~1c1i -· · 
indicated clearly that higher acid addition likely would yield more complete oxidation · 
and, hence, possibly higher gold recovery. · 

Having now established that the 3/8-inch crushed Gilt Edge ore is amenable to 
the nitric acid oxidation, it is recommended that additional testing would be advisable 
to define the oxidation/dissolution relationship more conclusively. The amount of. 
sulfides that are oxidized translates directly to the quantity of nitric acid required to 
result in a satisfactory gold dissolution. The nitric acid quantity is vital factor since, 
commercially, it is the cost for regeneration which will determine the economic viability 
of this oxidation method. Previous commercial evaluations showed that the largest 
capital and operating cost factors are associated with nitric acid regeneration. However, 
several approaches have now been identified to minimize the relative costs for 
regeneration. 

Previous experience bas also showed that the rates of oxidation can be increased 
substantially using higher nitric acid additions to the initial ore contact, and by using 
concentrated nitric acid rather than diluted forms to the extent that oxidation is 
accomplished in minutes, rather than many hours or days. Since no moisture (water) is 
added, the utilization of acid is very high to the extent that as much as 99% of the 
HN03 added is converted (from the chemical equation) almost immediately to NOx 
which is regenerated readily by water absorption to HN03 which is recycled back to the 
ore reaction. The Gilt Edge ore appears to be suitable for such high rate reactivity 
based on the physical measurement data and mineralogy which shows the material to be 
relativeJy porous. Good porosity is a key element of successful oxidation of crushed ore. 
Therefore, the oxidation reaction is rapid enough to permit the use of sealed reactor 
equipment, such as a rotary kiln, which lends itself well to efficient off-gas collection. 
Such a system has been piloted successfully on other refractory gold ores. 

Follow up laboratory test work, therefore, should be performed on the Gilt Edge 
crushed ore to evaluate high rate oxidation methods, with the goals of establishing the 
maximum oxidation rate in relation the nitric acid quantity. It would also be advisable 
to bracket coarser and finer ore crushing sizes so that the minimum crushing 
requirement can be determined. Such test work can be carried out readily using a bench 
scale reactor which simulates reliably pilot and commercial-sized rotary equipment. 



Future work should also evaluate the important washing, behavior of the .oxidized 
ore. Experience shows that, effective washing of soluble components and residual add 
can be accomplished readily using a belt extractor (filter). The filtrate or acid effluent 
is neutralized with stoichiometric quantities of alkali, such as lime, to pfQduoe a 
stabilized sludge for disposal. This effluent neutralization step is common to most addic" 
oxidation methods. After being washed, the oxidized ore is further neutralized with lime, 
and placed on conventional permanent, stacked, pads for cyanide heap leaching for gold 
and silver recovery. Since the oxidation and washing steps are performed using, 
equipment which provide short retention times, there is no need to move the ore from 
an oxidation/washing pad to a permanent cyanide leach pad, and this is an important 
merit of high rate oxidation methods. The heap leaching of the nitric acid oxidized Ore 
is viewed as being essentially the same as heap leaching of geologically oxidized 
materials. Previous column test work showed that gold dissolutions were levelled off 
typically after two to three weeks, and optimized sodium cyanide consumptions were 
approximately 1 lb/ton of ore or less. Confirming column (simulated-heap) leaching 
tests, therefore, also should be conducted on the oxidized and washed Gilt Edge sample.

The above test work will serve as a sound basis for a preliminary feasibility 
campaign and selected pilot scale tests.
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Future work should also evaluate the important washing_ behavior of th~ .oxiliized . 
ore. Experience shows that. effective washing.of. s~l_uble componen~ and res1chia1··a~~ _·., -:­
can be accomplished readily us~g a belt extractor (filter). _The filtrate_ ot acicf ~~u~,~-~-, _ _ . 
is neutralized with stoichiometric quantities• of alkaji, such-~- lime, toj>f§du~_-·a-·"·'"· .. ·_: 
stabilized sludge for disposal. This effluent neutralization step-is common. to most·a:ci~c-0 ·: • 

oxidation methods. After being washed, the oxidized ore is further neutralized with limi~ <- . -_- -
and placed on conventional permanent, stacked, pads for cyanide heap leaching fo{gold' _ :. - ·_ 
and silver recovery. Since _the oxidation and washing steps are performe4-.using_;,.: {: 
equipment which provide short retention times, there is no need to move the ore from · 
an oxidation/washing pad to a permanent cyanide leach pad, and this is an jmportant 
merit of high rate oxidation methods. The heap leaching of the nitric acid oxidized ore · ~ ·. 
is viewed as being essentially the same as heap leaching of geologically oxidized 
materials. Previous column test work showed that gold dissolutions were levelled off 
typically after two to three weeks, and optimized sodium cyanide consumptions were 
approximately 1 lb/ton of ore or less. Confirming column (simulated~heap) leaching 
tests, therefore, also should be conducted on the oxidized and washed Gilt Edge sample. 

The above test work will serve as a sound basis for a preliminary feasibility 
campaign and selected pilot scale tests. 

·-



43

APPENDIX

For documentation of the information presented in this report, the following 
Appendix section contains copies of metallurgical balance and test operating reports.as 
received from CMRI. Analytical reports are on permanent file at CMRI. : ■
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Appendix section contains copies of metallurgical balance and test operating_ repo~.as .'• 
received from CMRI. Analytical reports are on permanent file at CMRL ; · 
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APPENDIX A

CMRI TEST REPORTS
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MINERALS
RESEARCH
INSTT1VTK

Sample Receiving Log Sheet

Date Received: 

Received By: 

Project #:

A? 7

9<rs(X)3 Project Metallurgist:
7T //tr-buC

Check Against Delivery Manifest

Supplier (Client) Name: Tiro/hm /rfiA / /?<=!__Ctir/3 .____________________________

Manifest Weight: <=?so <"fsi.f P- S <sy<<)
Sample Containers:

■

-
‘ '

Type No. & _ 5* • > - >Condition O/ytd
Tjpe No. Condition

■ -. > ..............: v /' . Type No. Condition

Hazardous:
vw'-vv

• • ■
.

■ '• • • .

X No ___Yes If yes: Assign sample to appropriate party for 
completion of HazMat Receiving Log.

Sample Assigned To:

Sample Identification

Client
No./Identification Weight CMRI Sample No. Description (by Project Metallurgist)

S <?9300Z-Ot
? T % ^ r7<? 2-

TTH /?* 95*?/^ 'OZ
jr / /J7, fc3i>' ytcj

3 Tf
s.rr 7 9v?<do2- o4

/2.9S1 K) <7v.?0'>2-/->7

_3X_£:_________ 9</Zooz-42
tz? i$) (continued on back)

Receive Samples -* Log-in Samples
• Check Against Manifest -* Non-Hazardous

PROCEDURE
■

• Sign Driver* Copy

• • .%c*v ■*
.

• Get Project No.
• Weight
• Assign CMRI No. 

-• Hazardous -*

Project Metallurgist -*
* Record Sample Description
* Original to Administration

• • v . • >.•» *4 •>' TT*1
• • .. . : . .. s\ . >:

Assignee —
• Get Project No. • Complete HazMal Receiving Log
• Assign Appropriate Party • Copy to Project File

- Administration
* Copy to Database
• Original to Project File
: >,:cs' .^5^.

J
♦

s si ■; ^sshih^-• 'VisA v.'-W’ *•*&■#*Original to Administration (HazMat FUe)

S4-1U (06V)
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Sample Receiving Log Sheet 

D te Recei ed: 

Received By: 

Project#: Project Metallurgist: 1-: #er fd 

Type No. Condition 

Type ·. No. Condition 

Hazardous: ~ 0 Yes Ir yes: Assign sample to appropriate party for 
completion or HazMat Receiving Log. 

Sample Identification 

Client 
o./Identi fication 

'Receive Samples -
· Check Again.st Ma.uifut 
: Sign Drivers Copy 

Sample signed To: 

~eight CMRI Sample o. • Description (by Project Metallurgist) 

Lo2-io Samples 
- on-Hazardous -

~ Get Project No. 
. ··. • Wei&)it 

. '. · Assign CMRI o. 

PROCEDURE 

Project Metallurgist-
• Record Sample Description 
· Original to Administration 

(conunu 

·,. :...; Hazardons- Assignee - . t ,;,.··,_.:,._:•. /JL . . -,~,,'~,.,,,. ,,,,,, ..... 
: ,, '. }'/i Get 'Project No. • Complete HazMat Receivint Loi .. :/\if=·. i:,'J!;':Y .,•,\; .. 

· •• ; · ·=· • .As.sign Appropriate Party • Copy'·to Project File · '\/ 
' · • Original to Administration (HazMat Fil~) 



NOV 14 ’Sd 12=35 OUPNTftCHROME CORP- P.l

1800 Corporate Oove 
Boynton Beach, PL 3342« 
Ti (407) 731*4080 
P«x; (407) 732-888B

FAX MESSAGE

TO : Colorado Minerals Research j

; ATTENTION: Tony M. Hotel 

FAX NO: (303) 279 6061 

FROM: Dan Grossmann 

DATE: 14 November, 1994 ; '

SUBJECT: Recalculation of QC# 94-3180 results (faxed 8/19/94)

Dear Mr. Hertel:

. As per request of Doug Shaw (Phone/Fax: (303) 670 0936), attached please: find the & 
results (surface area* pore volume, and average pore size) calculated in the same format 
October 19, 1994 (QC # 94-5587) data. As you can1 see, the recalculations are the same 
initial calculations.

Particle ana Powder Tecnhoioigy. instrumentation and Service
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:: : : ·:; . . TO: Colorado Mincrab Research· 
· · AT113HllON: Tony M. ~ 

: ·; . 

: '. ... : ~PAX.NO: '(303) 279 6061 
' . ' . 

FROM: . Dan Onmmann 
... ; 

. . ·.: . }?ATE: 14 November, 1994 

... ;: . 

. ' I 

1900 Co,pollte Orive 
&oyneon eeaon. P\. -~42• 
Tel (407) 1'31~ . 
,..; c..01) rn-eaaa 

: ; ; ·.: ~-UBJECT: llecalcwation of QC# 94-, 180 ~tt (faxed 8/ 19/94) 
• • • • I : : . . 

I ,, • 

.Dear Mr. Hertel: 

P.1 

: . . . ~~ . 

' . . : .- . j . . : . : .. 

, ... ~ per request- of Doug Shaw (Phonel~u: (303) 610 0916), attaehed pl~:f.u,d the 8/19194/ . 
• • resul~ '(5~ area.- pore volume, and 'av~e porei w.e) • calculated in the same: format U, the • I 

• , . · . October 19, 1994 (QC# 94-SS87) data.· As yQU can!•, the recalculations an, the same as. the 
initW calculations. 

. Sincerely. 
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NOV 14 '94 12:35 QUANTPCHROmE COftP- P.2

Date: 08/19/94 Page l

Queatactrome corporation
Quantaehreae Autosorb Automated oas sorption system leport

Miexopore Version 2.44

Sample ID...............  COLORADO MINERALS RESEARCH INSTITUTE
Sample Description..... ora
Comments................  CMRI, QC 4 94-5180
Gas Type................  Nitrogen
Croes-Sec Area.. 16.2 A* 
Sample Height... 10.6620 g 
Analysis Time... 177.0 min
Outgao Time.....8.0 hrs
End of Run......Fri Aug 19 08:10:19

Corr Factor.. 
P/Po Toler... 
Equil Time... 
Outgas Temp..

6.S80E-05 Moleo Wgt.. 
1 File Name.. 
3 Operator... 
105 *c station

28.0134 
A6461802.RAW 
BEM 
1

MULTI-POINT BET

P/Po

5.0000e-02 
1.02500-01 
1.5340e-01 
2.0400e-01 
2.5400e-01

Volume 1/(W((Po/P)-l))
[ao/g] STP

0.3525
0.3962
0.4273
0.4504
0.4737

1.195E+02 
2.307E+02 
3.393E+02 
4.553E+02 
5.751E+02

Area 

Slope 

Y - Intercept 

Correlation Coefficient

C

1.560E+00 [m*/g] 

2.229S+03 

3.445E+00 

0.9996 

6.479E+02
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P.2 

QuaDtac~roa• corporatioa 
Quan~achroae Auto•orb Autoaatu Q&jl sorptioa ,,.~ .. aepor~ 

JUa.ropore Version 2.44 

Sample IO ••••••••••••••• 
Sample Description •••••• 
C011U11ents •••••••••••••••• 
Gas Type •••••••••••••••• 
Croea-SeQ Area .. 16.;i 
Sample Weight ••• 10.6620 
Analysis Time ••• 177.o 
Outqao Time ••••• a.o 
End of Run •••••• Fri Aug 

P/Po 

5.0000A•02 
1.O2soe-O1 
l.5340e-Ol 
2.0400e•0l 
2,54000-01 

COLQRADO .MINERALS RESEARCH INSTITUTE 
ore 
CKRl, QC I 94-5180 
Nitrogen 
11 corr Factor .• 6.SSOE-05 Moleo Wgt •• 28.0134 
g P/Po Toler •.• l Fil• Name •• A54ei102.RAk 
min Equil Time ••• 3 Operator ••• BEM 
hrs outgas Temp •• 105 •c Station# •• 1 
19 08:10:19 

VOlWDe 
[oo/g) STP 

0.3525 
0.3962 
0.4273 
0.4504 
0.4737 

Area -

1/ (W( (Po/P) -1)) 

l,195E+02 
2.l078-i-02 
3.39JE+O2 
4.553E+02 
5.751E+02 

L 5601HOO (m 2 /9) 

Slop•• 2,2291+03 

Y - Intercept q 3.445E+OO 

Correlation Coeffioient - 0.9996 

C = 6. 4791H02 



NOV 14 '94 12=36 QUANT AO SfOTC CORP- P.3

Date: OB/19/94 Page 2

Quantaohrom# corporation
Quutaohroaa Autoeorb Automated Oas Sorption System Report

Micropore Version 2.44

Sample id.........
Sample Description
Comments........
Gas Type........
Cross-Sec Area., 
sample Weight... 
Analysis Time...
Outgas Time....
End of Run......

16.2
10.6620
177.0
8.0
Fri Aug

COLORADO MINERALS RESEARCH INSTITUTE 
Ore
CMRI, QC § 94-5180 
Nitrogen
A* Corr Factor., 
g P/Po Toler... 
min Equil Time... 
hrs outgas Temp.. 
19 08:10:19

6.580E-05 Moleo Wgt.. 28.0134
1 Pile Name.. A5481802.RAW
3 operator... BEM
105 *C Station l

TOTAL PQRB VOLUKB

Total pore volume • 1.443E-02 [cc/g] for 

pores smaller than 1398.2 [A] (Radius), 

at P/Po - 0.99310
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NOV 14 '94 12=36 atRi"T~ CORP· P.3 

Dates 08/ 19/94 Pa9a 2 

QuanUollrome cors,oratio11 
QU&n.Uohrom.e .&utoaorl> Au~omat.od Gae eorption ayatem Report 

Nicropore VeraioD a.44 

Sample ID •.•••••••.••••. 
Sample Description •••.•• 
Comments •••••••••••••••• 
Gas Type ••••••••••••• ,,. 
c~o&&-Sac Area •• 16.2 
sample Wej:ght... 10. 6620 
Analysis Time ••• 177.0 
outga~ Time •.... a.o 
End ot Run ••••.• Fri Aug 

COLORADO MINERALS RESEARCH 
Ore 

INSTI'l'UT! 

CMRr, QC I 94~5180 
Nitrogen 
1a corr Factor •• 
g P/Po Toler ••• 
min Equil Time .•. 
hr• outgae Temp .. 
19 08:10:19 

6.SSOB-05 
1 
3 
10s f)c 

Moleo w9t .. ae.0134 
Pile N·ame .. A5481802 .RAlri' 
opera~r. • . BEH 
Station# .• 1 

Total pore volW11e • 1.443E-02 [cc/g) for 

pores smaller than 1398.~ [A] (Radius), 

at P/Po • 0.99J10 



Page 3

NOV 14 '94 12:36 QCMNTACHROME CORP" P*. d '

Oate: 08/19/94

Quantaahrone Corporation
Quantaohrone Autoaorb Automated aes sorption ffvstem Report

Mioroporo Version 1.44

Sample id............ .
Sample Description.....
Comments................
Gas. Typo.............. ] [
Cross-sec Area.. 16.2 
Sample weight... 10.6620 
Analysis Time... 177.0
Outgaa Time.... a. o
End of Run.....  Pri Aug

COLORADO MINERALS RESEARCH INSTITUTE 
Ore
CMRI, QC / 94-5180 
Nitrogen
*a Corr Factor., 
g P/Po Toler.,. 
min Equil Time... 
hrs Outgaa Temp.. 
19 08:10:19

6.S80E-05 Molec Wgt.. 
l File Name.. 
3 Operator... 
105 °C Station 4..

28.0134
A5481802.RAI
BEM
1

AVBRAGE PORE 8I2E

Average Pore Radius - 1.850E+02 [X]
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rlov l.J '94 12: 36 Gll.R'iTAC~ CORP· 

P.4 
··- - . ·- ... ·- . ' .. ... .. 

Dat.•: 08/19/94 
Paga l 

Qua.ntaabroae corporGtion 
Quantaahroae ~utoeorb &utozaat•d Ga• aorptioQ By•t- Repor~ 

Mioropore Veraion a.44 

Sample ID ••••.•.•••••••. 
Sample Description •.••.• 
Co~enta . .•........••... 
Gae.~- •••••••••••.••• 
crosa--sec Area. . 16. 2 
Sample Weight ••• 10.6620 
Analyais Time ••• 177.0 
OU~gas Time ••••. a.o 
End ot Run •••... Pri Aug 

COLORADO MINER.AW RBSBARCH 
Ore 

INSTI'l'UTB 

CMRI, QC I 94-5180 
Nitrogen 
la Corr Factor •• 
g P/Po Toler ••• 
min Equil Time .•• 
hrs · 0Ut9as Tamp •• 
19 08:10:19 

6.5802-05 
l 
J 
105 °c 

Xolec Wgt •• 
File Name •• 
operator ... 
Station , .• 

Average Pore R4dius • 1.850£+02 [1) 

~8.0134 
A5481802. RAI 
BEN 
1 



RUG 19 ' 94 16=44 QUANTAOROrE CORP- P. 1

Quantachroma Corp.
190p- Corporate Drfve 

Boynton Beach. FL 33426. USA

1968*1094

Phone: +1 407 731-4999 
Fax +1 407 732-9888
—-------------------------------------- FAX MESSAGE \—------------ ---- ----------------,

;! Pete:. 8/19/94 fax th (303) 27$. 6061____________ Page 1 of J?, Pages.

To: -.Tetry M, Her tel___ • ’ - From: Beatrix Eeplndola M.

Senior Metallurgiat •
Colorado Minerals' Research Inst.

AbOUt: Analytical Report

Dear Mr. .Hartal:

Attached please find the surface area (06000 ~3N) pore volmae and average 
pore size (06001 - P) reports.• ; *

If there are any questions please do not hesitate to contact us.

Sincerely

Beatrix Espladoia M.

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~= + 1. 407 73·1-4998 
Fax; + 1 407 732 9888 -: 

I 

·' Date: .. 8/19/94 
: 

' .T-0; -: 
·.TeXry M, Bertel 

Quantachrome Corp. 
1900' Cofl)Orate Ortve 

Boynton:Beach. Fl 33426, USA 

FAX· iMf:S.SA.GE 
FAX. It. ~3~32 27i. 6061 

: 

: 
·From: Baatru .. 

: : 

:, 

-Sonior Metallurfi•t · 
.l!olocadq ff!ne~a .. s· aeeea:~di Ina~. .. 

: About: • Anal.~tic:al 

' 

Ooar Mr •. Hertel: 

. 

P. t 

1 9 6 8 • 1 8 9 4· 

26 
y.a:ARI OP! 
Ii X C R L L;e N ~ " : 

Page 1 of .J,_ Pagea . 

Eepindo;ta M. 

R.eeort 

Attached please fio.d che surface~?$~ (06000 -3N), po~o ~ollll!le and av~r•1e 
pore d:i• (06001 - P) report&,··:· ! 
l! thera are Any que3tione plea•e do.not h•e~caee to contact us. 

! .. 

-! 

.• .. 

.. 

Stncere.ly_ 

'l 
: 

. ~ . 

'. 

' .. 



Date: 10/19/94
Page 1

Quantachrome

Quantachrome corporation 
Autoaorb Automated Gaa Sorption System Report 

Micropore Version 2.44

Sample ID.........
Sample Description 
Comments..........

Colorado Minerals Research Institute 

CMRI, QC § 94-5587
Gas Type........
Cross-Sec Area.. 
Sample Weight... 
Analysis Time...
Outgas Time....
End of Run.....

16.2
7.3263
173.0
36.0
10-19-94

Nitrogen
A* Corr Factor,
g P/Po Toler..
min Equil Time..
hrs Outgas Temp.
19:42pm

6.580E-05 Molec Wgt..
2 File Name..
3 Operator...
105 °C station

28.0134 
AS4A1804.RAW 
BEM 
1

P/Po

1.0214e-01 
1.4762e-01 
2.0007e-01 
2.4813e-01 
2.9870e-01

M0LTI-POINT BBT

Volume 
[cc/g] STP

1.7850
1.9422
2.1060
2.2540
2.4198

1/(W((PO/P)-1))

5.099E+01 
7.135E+01 
9.502E+01 
1.171E+02 
1.408E+02

Area = 

Slope =

Y - Intercept = 

Correlation Coefficient =

C =

7.557E+00 (mi/g] 

4.568E+02 

4.011E+00 

1.0000 

1.149E+02

I 
I Oate: 10/19/94 

Quantaobrome corporation 

Pagel 

I 
Quantachrome Autosorb Automated Ga• Sorption System aeport 

Kieropor• Version 2.,4 

Sample ID ••••••.•••••••• Colorado Minerals Research Institute 

I Sample Description ..... . 
Comments ....•........•.. CMRI, QC I 94-5587 
Gas Type ••••••..••...•.• Nitrogen 
cross-Sec Area .. 16.2 12 corr Factor .. 

I Sample Weight ... 7.3263 g P/Po Toler ..• 
6.580E-05 
2 

Molec Wgt •• 
File Name •• 
Operator ••. 
Station # •• Analysis Time ... 173.0 min Equil Time ... 3 

105 °C Outgas Time ..... 36.0 hrs Outgas Temp .. 

I End of Run ...... 10-19-94 19:42pm 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

P/Po 

l,0214e-Ol 
l.4762e-Ol 
2.0007e-0l 
2.4813e-0l 
2.9870e-Ol 

y 

correlation 

-

MULTI-POINT BET 

Volume 
(cc/g] STP 

1. 7850 
1.9422 
2.1060 
2.2540 
2.4198 

Area = 

Slope = 

Intercept :::: 

7.557E+OO 

4.568£+02 

4.0llE+OO 

Coefficient = 1.0000 

C = l.149E+02 

1 / ( W ( ( Po/ P) -1 ) ) 

5.099E+01 
7.lJSE+Ol 
9.502E+Ol 
l.171E+02 
l,408E+02 

(mJ/g] 

28.0134 
AS4A1804.RAW 
BEM 
1 



Quantachrome Corporation
Quantaohrome Autoaorb Automated Gas Sorption System Report

Mioropore Version 2.44

Sample ID...............  Colorado Minerals Research Institute
Sample Description.....
Comments................  CMRI, QC t 94-5587
Gas Type................  Nitrogen
Cross-Sec Area.. 16.2 A1 Corr Factor.. 6.580E-05 Molec Wgt.. 28.0134
Sample Weight... 7.3263 g P/Po Toler... 2 File Name.. AS4A1804.R
Analysis Time... 173.0 min Equil Time... 3 Operator... BEM
Outgas Time....  36.0 hrs Outgas Temp.. 105 °C Station #.. 1
End of Run.....  10-19-94 19:42pm

TOTAL PORE VOLUME

Date: 10/19/94 page x

Total pore volume = 2.692E-02 [cc/g] for 

pores smaller than 1337.0 [A) (Radius), 

at P/Po = 0.99278

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

Date: 10/19/94 Page l 

Quantacbrome corporation 
Quantaobrom• Autoaorb Automated Gas Sorption syatom Report 

Mioropore Version 2.44 

sample IO •.............. Colorado Minerals Research Institute 
Sample Description ..... . 
Comments • .••.....••••••• CMRI, QC # 94-5587 
Gas Type •••••••••••••••• Nitrogen 
Cross-Sec Area .. 16.2 A1 Corr Factor .• 6.580E-05 Malec Wgt •• 
Sample Weight ..• 7.3263 g P/Po Toler .•• 2 File Name .. 
Analysis Time •.. 173.0 min Equil Time ••• 3 Operator .•• 
Outgas Time ••••• 36.0 hrs Outgas Temp •• 105 oc Station I •• 
End of Run . ..•.. 10-19-94 19:42pm 

TOTAL PORE VOLUMB 

Total pore volume= 2.692E-02 (cc/g) for 

pores smaller than 1337.o (AJ (Radius), 

at P/Po = 0.99278 

28.0134 
AS4Al804.RAW 
BEM 
l 



jate: 10/19/94 Page 2

Quantachrome Corporation
Quantaohrome Autoaorb Automated oas sorption system Report

Micropore version 2.44

Sample ID...............  Colorado Minerals Research Institute

Sample Description.....
■“ QC 0 94-5587Comments

Jas Type.....
:ross-Sec Area 
Sample Weight. 
Analysis Time. 
Dutgas Time... 
End of Run....

... CMRI,
......  Nitrogen
16.2 A* Corr Factor.
7.3263 g P/Po Toler..
173.0 min Equil Time..
36.0 hrs Outgas Temp.
10-19-94 19:42pm

6.580E-05 
2 
3
105 *C

Molec Wgt. 
File Name. 
Operator.. 
Station #.

28.0134 
AS4A1804.RAW 
BEM 
1

AVERAGE PORE SIZE

Average Pore Radius = 7.124E+01 [A]

6 Id COO n>w>ni nji i Q Ci q c: / ? rnr i r : o r kc t, i ■ a hm

-----------

I Jate: 10/19/94 Page 2 

QUantacbrome Corporation I Quantaobrome Autoeorb Automated Gas sorption system aaport 
Kicropor• version 2.44 

I ;ample ID .•.....•....... Colorado Minerals Research Institute 

~ample Description ..... . 
Comments .......••....... CMRI, QC # 94-5587 

I .as Type. . . . • . . . • . . . . • . . Nitrogen·· 
:ross-Sec Area •• 16.2 A2 corr Factor .• 
Sample Weight ... 7.3263 g P/Po Toler .•• 

I \nalysis Time ..• 173.0 min Equil Time ... 
)utgas Time ...•. 36.0 hrs Outgas Temp .• 
End of Run •••••• 10-19-94 19:42pm 

6.SSOE-05 
2 
3 
105 °c 

AVBRAGE PORB SIZB 

Molec Wgt .. 
File Name •• 
Operator .•. 
Station # .. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Average Pore Radius~ 7.124E+Ol (AJ 

28.0134 
AS4A1804.RAW 
BEM 
1 

!;ld COO I Q r1 Q i:: I ? J' (IC' f r : I) I I, C: I, I · ,, ""·I 



CMRI
Project # 943002

Test Type: Baseline Bottle Roll_______

Product Nsmc/Type Weight/Volume

furams/mtsl

Aiaayi

(or/T or mg/V

Au

Units

(mg)

Au

Distribution

(*)

Au

Assays

(ca/l'or mg/I

_ -A8_

Units

(m8)

Ag_

Distribution

(%)

_Ag

Pregnant Liquor 1090.0 0.42 0.46 32.82 1.29 1.41 39.29

Wish Liquor 480.0 0.09 0.04 3.11 0.25 0.12 345

Residue 998.1 0.026 049 64.07 0.060 2.05 57.36

Tot all: 1.39 100.00 3.58 100.00

If Preg + Wash: 1J70.0 0.18 0.30 35.93 0.55 1.53 42.64

Calc’d Hoad: 0.041 0.105

Assay Head: 998.3 0.044 0.210

Accountability (95>) 92.2 494

Cyanide Consumption (IbVT): 

Lime Uic (Ibs/T):

Test Type: Baseline Bottle Roll "Duplicate"

Product Nanic/Typo Weigh t/Volumt

(arami/mlil

Assays

(ns/Tor mg/1

Au

Units

(m8)

All

Dill/ibutioo

(%>

Au

Assays

(owT or mgfl

Ar

Units

(mg)

Ag

Distribution

(%)

Pregnant Liquor 1111.0 0.41 0.45 41.89 1.27 1.41 46.72

Wash Liquor 568.0 0.13 0.07 647 0.41 0.23 7.71

Residue 1003.4 0.016 0.55 51.24 0.040 1.38 45.56

Totals: t.07 100.00 3.02 100.00

If Preg + Wash: 1679.0 0.19 0.32 48.76 0.60 1.64 54.44

CUlc'd Head: 0.031 0.088

Assay Head: 1000. t 0.044 0.210

Accountability (%) 71.0 41.8

Cyanide Consumption (Ibs^l-): 

Lime Use (Ihs/T):

I 

I 

I 
I 
:I 
I 
I 
I 
I 

·1 
I 
I 

CMRI 
Project # 943002 

Test Type: B~linc B_o_ll_lc_R_o_ll _________ _ 

AJ&ay, u,,. 1 .......... 
(a,/f ot mW, (rns) (~) 

Au Au All 

---· 
N&ay, Unitt 

(oz/l'cn ma/I (ma) 

A 

0.42 0.46 32.82 1.29 1.41 

0.00 0.04 3.11 0.2, 0.12 

Reaidue 998.1 0.026 0..89 64.07 0.060 2.0S 

Totals: t.39 100.00 3-~ 

OiJ1rihu1ion 

(%) 

39.29 

3.JS 

'7.36 

100.00 ------------- --· ----------+-----
lfPreg +_w_u_h_:_____ 1570.0 0.18 o.,o 3$.93 o.,s 1.$3 

---------+·---------~ 
Calc'd lload: O.<Ml ---·--··--·-t-----·--+-

. __ Aasay Ht:.•d_: -·· 

, .. ~n1ahili1y~--

Cyanide Coosumpllon (lbvl): 

Lime Use (lbs/T): 

998.3 0.044 

92.2 

·-------· 0.10, 

0.210 ---------
49.8 . __ __.., _______ _ 

42.6◄ 

--··-·. E ~;..",. . u,,. Ddulb.,loa ,...,. I u,,.. r Dlmlb,uo, 

Produc1 N3me/lypo Weight/Volume (nuT or mfll (mg) (%) (C11tror mg,1 (mg) (%) 

.. ·--··--.--. .(~.Ii ··=A=u---===--A . .:.:u==-· Au _Ag . Ag . Ag ... 

_Prcp~l!• Liquor ---~~ 0.41 0.45 _•_t_.8_9 ____ 1_.?_7-t- 1.41 46.72 

-~II Liquor __ ---~:O 0.13-+-_o_.07-+--------_,. 0..87 0.41 o.n 7.71 ---· 
Ruldue 1003.◄ 0.016 0.,, '1.24 0.040 1.38 ,,.,6 -------1----·---+------ ---·· 
Tot3l1: 1.07 100.00 3.02 100.00 

0-'2 43.76 0.60 1.64 54.44 ~-----
('.alc'd ltcaJ: 0.031 0.083 ---·---------1---------- ·--

••• A11My_l_lc11u: 1000.1 0.210 ·--· 
~~oun~bili1y(%) _ _._ __ _ 41.8 ··--· 

():anidc C'NUump1ion (lbl/1): 

Lime U.,c (lh,/T): 

----------------------



CMRI
Project # 943002

Test Type: Bottle RoU on Test 3 Residue

Product Name/Type Weigh (/Volume 

(grams/mta).

Assays

(oi/T or mg/T

. Au

Units

(«e)
Au

Distribution

(%)

Au

Assay*

(ax/T nr mg4

Ag

Unit*

(mg)

Ag

Distfibution

(%)

- . Ag____
Pregnant liquor 1000.0 0.82 0.82 43.98 3.00 3.00 51.86

Wuh Liquor 0.0 0.00 0.00 0.00 0.00 0.00 0.00

Residue 1013.4 0.030 1.04 56.02 0.080 2.78 48.14

Touts: 186 100.00 5.78 100.00

11 Prcg + Wuh: 1000.0 0.30 0.82 43.98 'l 1.09 3.00 31.86

CaJc’d Head: 0.034 0.166

Assay Head: 1000.0 0.044 0.210

Accountability (%) 121.7 79.1

Cyanide Consumption (Ibs/T):

Lime Use (ibs/T):

3.38

30.80

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Proch.c:1 Name/l)"pe 

CMRJ 
Project # 943002 

Te.st Type: Botlte RoU on 'fesc .\ Residue 

Aluya Unlta DlltributiOII 

We1SAI/Vo!11me (m/TOt m&'I (mg) (9&) 

=~~::- ·-····- .•. ·---. ··- ... (II'.~'-). Au Au Au 
·• - ·••J.,.;.~• ·--·--

Ptcgnanl Uqucw 1000.0 0.81 0.111 ◄3.98 

Wub Liquor 0.0 0.00 0.00 0.00 ·- ·-·- -· 
Reslduo 101'.4 0.030 1.0◄ $6.02 ·-·-·~ 
Toull: 1.86 100.00 ·--

AM4)'1' 

(CD/for mW, 

All 

3.00 --··· -
0.00 

o.oso 

If Prcg + Wub: 1000.0 0.30 0.82 ◄3.98 \ 1.09 

C.Jc'd Head: 

~••yHud: 

A«ountabiliry (%) 

Cyanide ('.onJumpcion (lbs/l): 

Lime U1e (lb1/I): 

1000.0 

O.OS◄ 

0.044 ---....... 
1:21.7 

3.18 

39.80 

... 
' 

·--· .. , .. 
0.166 ·-
0.210 

79.1 

---
Unita Diluibutlon 

(ma) (%) 

All A&. ··-· 
3.00 R86 

0.00 0.00 ·--
2.78 ~.14 ... 
S.78 100.00 

3.00 .H.86 

··- -
--· 

•-. 

-· 



CMRI

Project # 943002

Test Type: Botttc Roll on Test 4 Residue

Product Natnc/type Weight/Volume

farami/mls)

Aaaayi

(Ol/Tor mgl

Au

Units

(mg)

Au

Distribution

(%)

Au

Assays

(<h/T or mg/1

A« ....

Units

(mg)

.Ag:.. 

0.69

Distribution

(%)

25.74Pregnant liquot 1000.0 0.74 0.74 60.63 0.69

Wash Liquor 0.0 0.00 0.00 0.00 0.00 0.00 0.00

Reskluo 1001.1 0.014 0.48 39.37 0.038 1.99 74.26
Totals: 1.22 100.00 2.68 100.00

If Preg + Wash: 1000.0 0.27 0.74 60.63 0.23 0.69 25.74

Cok’d Head: 0.036 0.078

Assay Head: 1000.0 0.044 0.210

Accountability (%') 80.8 37.2

Cyanide Consumption (lbs/T):

Unic Use (Ibs/T).

238

18.64

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CMRI 
Project # 943002 

!~~})pe: Bottle Roll on Tc.st 4 Residue 

.... - -· 

Produc1 Namc/lype Wciahl/Volume 

(111ams/ln1J\ 
-· ···-::.:--.:.· .. 

Pregnan, Uqunr 1000.0 - ..... '., ·-
Waah Liquor o.o 

Rosldvo 1001.1 1---------
TotaJa: 

·••·-

Ir Preg + Wuh:··--- _ 1000.0 

............ 
C'.Alc'd HcaJ: 

-
A.uay l-leaJ: 1000.0 ...................... --.. 

Acx.ounlahilily (%) 

Cyanide Coo1umption (Iba/I): 

UmeU,e(I~. 

Aanya 

{az/rOf mg,1 

.,,••·~--

~-

Au 

0.74 

0.00 

0.01◄ 

0.27 

0.036 

0.044 

80.8 ----
2.38 

18.64 

••'• .... -
Uniu 

(mg) 

Au 

0.74 

0.00 

0.48 -··-· 
1.22 

0.74 

_ • ..,, .. ,, .. _N ... 

Distnl1111ioa Anaya 

("7) ( oz/I' or miv, 

Au ···-·'°'' ··· .. ·. 
60.63 0.69 

Q.00 0.00 - -··-· 
39.37 o.o,8 

100.00 

60.63 0.2, 

0.078 

0.210 

37.2 
... ·-·-·-·-- --·- .......... --·--·---· 

Uniu Di11ribu1ion 

(mg) (%) 

Ag .· ..... ~ -· - .. .,.,_-•-.•~'-···· .. 
0.69 tS.74 

0.00 0.00 

1.99 74.26 

2.68 100.00 

0.69 2l74 

-



CMRI
Project # 943002

Test Typo: Bottle Roll on Teat 5 Residue

Product Name/Type Weigh l/Volume

(granWmbl

Array*

(ar/r or mg/I

Au

Unit*

(mg)

Au

Dirtribulion

(*)

Au

Aaaayi

(<w/r or mg/1

A*

Unit*

(®s)

Aft

Distribution

(%)

Ag
Pregnant Liquor 1000.0 0.74 0.74 53.18 0.68 0.68 20.69

Wash Liquor 0.0 0.00 0.00 0.00 0.00 O.on 0.00
Hcaiduo 1000.4 0.019 0.65 46.82 0.076 2.61 79.31
Total*: 1.39 100.00 3.29 100.00

__ If Preg + With: 1000.0 0.27 0.74 53.18 0.25 0.68 20.69

Calc'd Head: 0.041 0.096 . ---

_ Array Head: iooo.o 0.044 0.210
Accountability (fb) 92.2 45.6

Cy»nidc Conrumptiou (Ibs/T):

Lime U*c (lb»/T):
2.14

19.16

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
:I 
I 
I 
I 
I 

CMRI 
Project # 943002 

l't:st l)'po: Rot~ RoU on Te&t S Reaidu_e _________ _ 

/\&Uy. Unit.I l)i,tribution Aaaa E:£±TI~ Oi.crihutioa 
Prnduct Name/1)-pc WcigblNohunc (o,/To, mg,1 (ms) (9fi) (ru./f 

- -· __ ... (gu,nalrn~ A.u.. A~ . A~ 
Pregnant Uquo, -··· 

-····· Wuh~uor . 
lk1iduo . 
To1all: 

,--. .. Ir Preg + W~h: 

- -
C-.alc:'d llcad: -

-· AuayJlc.ad: ._ ·-
Accnu111~ility (%) 

-

()•nidc CoNurnptiou (lbs/T): 

Lime Ua, (11\a/T): 

1000.0 - .... 
0.0 

1000.4 

1000.0 

.. 

1000.0 

0.74 

0.00 

0.019 

0.27 

0.041 

0.044 

92.2 

2.14 

19.18 

0.74 $3.18 

0.00 0.00 

0.6, 46.82 ... 
1.39 100.00 

0.14 5J,18 

.. 

-

. 

.. 

0.68 

0.(1() 

0.076 

0.68 20.69 

0.<Xl 0.00 

2.61 79 .. H . --+--··--
3.19 100.00 -~-

0.1' 0.68 20.69 

0.096 
-+---·-+---~ 

0.210 -~ 45.6 _ __j 



CMRI

Project # 943002

Test Type: Bottle Roll on Nitric Acid Oxidation Residue

Product Name/Type Wcight/Volume

frtrvmAntri

Ainyi

(oz/T or mgl

Au

Units

(m8)

Au

Distribution

<*)

Au

Assays

(oi/T or mg/1

A*

Units

(m8)

’“1Distribution

<*)

Pregnant Liquor 623.0 1.07 0.67 43.11 3.13 1.96 37 47
Wash Liquor 1360.0 0.28 0.44 29.46 0.88 U8 26 41

Residue 1000.0, 0.011 0.38 23.43 0.QJJ 1.89 36 12
Totals: 1.48 100.00 3.22 inn nn

If Preg + Wash: 2183.0 0.40 1.11 74J7 1.21 3J4 6388

Calc'd Head: 0.043 0.132
Assay Head: 1000.0 0.044 0.210

Accountability (%) 98J 72J

Cyanide Consumption (Ibs/T): 

Lime Use (IWT):
3.68

24.30

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CMRI 
Project # 943002 

Te.st Type: Bottle Roll on Nilric Acid Oxidation Residue 

~- E£ Aluy. 
Produt:t Name/lype Wciglle/Volumc (O(Z/f or mW, 

•rntfmll Au -·· .. - ..... .. . ··•-. . 
Pre11)'11Ull Liquor 

Wash Liquor .. 
Iltaiduc 

Touts: .. 

., ·- IC Prcg + wu.h: 

C-.alC'd lltad: . 
Aaaay Hoad: 

~-~~ountability (%) 

Cyanide Consumplion (lbsff): 

lime Use (Iha/I): 

.. 

.. 

, .. 

62.'5.0 

1,60.0 

1000.0 

218M .. 
. . 

1000.0 ... 

.. 

~ _,._ 

1.01 

0.28 

0.011 

0.40 

0.043 

0.044 

98.3 

3.68 

24.30 

-
Unill Diarribvtioa Allay. 

(m8) ( ... ) (oz/T'0tm&1 
Au A11 A• ·. 

0.67 45.11 3.13 . .. 
0.44 29.46 0.83 .. 
0.38 2.5.-43 0.0$5 

1.48 100.00 

1.11 74..57 1.21 . . 

-·· - . 
0.1,2 -· . 
0.:210 -

7:2-' 

-, 
Unila D~1ributio11 

(mg) ('Jti) 

A• All -
1.96 37.47 

1.38 26.41 

1.89 36.12 . 
,.22 100.00 .,_ 

3.34 63.88 

.. -

... ~ 



CMRI

Project # 943002

Test Type: Bottle Roll Reteach of Nitric Add Oxidation Residue

Product Netnc/rypc Weigh t/Voiume

fgrams/mls)

Assays

(oz/T nr mgft'

Au

Units

(«8)

Au

Distribution

(%)

Au

Assays

(tw/T or mg/1

A*

Units

(“8)

Ag

Distribution

(%)

Ag

Pregnant Liquor 132.0 0.10 0.01 11.30 0.48 0.07 23.93

Wash liquor 690.0 0.03 0.02 14.66 0.09 0.06 22.07

Residue 284.6 0.010 0.10 74.04 0.015 0.13 32.01

Totals: 0.13 100.00 0.28 100.00

If Preg ♦ Wash: 842.0 0.01 0.03 25.96 0.05 0.14 47.99

C'-alc’d Head: 0.014 0.029

Assay Head: 283.0 0.011 0.053

Accountability (%) 1218 32.4

Cyanide Consumption (Iba/T): 

Lime Use (Ibi/T):

0.98

16.10

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CMRI 
Project # 943002 

Test l)'pc: .Bonte Roll Releacb or Nitric AciJ Oxidation Residue 

-·· 

Product Name/~ 

Prcgn&nl Uauo, 

Wutl Uauor 

Reiiduo ... 
Totala: .... 

If Prog + Wub: . 
..... 

<:.k:'d Head: 

Aaaayllead: 
--••"' 

Aocounl.abiliry {%) -··--· 

C)-;inlde ConJumption (lba/1): 

Lime Use (Iba/I): 

Weig!II/Vofumo 

<111ama/mla) .. 
1'l.0 

690.0 ~-... .. 
284.6 

8'2.0 

. 
283.0 --

... 
Auays 

( oz/1' nr rng,1 

.. 

Au 

0.10 

0.03 

0.010 

. 
0.01 

0.014 

0.011 

122.8 

0.98 

16.10 

. .. 
Unita l)ittribution Aa.14)'1 Unill 

(mg) <*> ( (YJ',/1' or rttgll (mg) 

Au Au A• Al 
" 

0.01 U.30 o . .s 0.01 

0.02 14.06 0.09 0.06 

0.10 74.04 0.01$ 0.1, 
..··-· 

0.13 100.00 0.28 ....... 
0.03 2..i.96 O.M 0.14 

. . . .. 
0.029 --· 
0.0$, 

,, ... 
n.• ........ 

Oi111ibu1inn 

(%) 

~8. ~::: 

2'-93 
-·· ·•-

22.01 

,2.01 

100.00 

47.99 

........ 

-·· 



i-taco i cftiog Report

p»« p/fr/qq-

Staple # M CM

Sample Description: O^yol

Objective:

Test Cooditions:

W Solid* ^83 »« Bottle Tare «?S£ 9 ^ ,~L- t M5

grains '

»1Sok.. »i.
Carbon Added:

cracii
% Solids:

Final CarBoa Weight:
grams

Grind: Total Wt tv/Lid:
.grams

% Passing v/,,v
After .grains

Tar«e,PR* KaOf Cone
lb/T NaCN Wt:

_jramj
Test Record;

\

I 
I -~ 

I 
I 
II 
I 
I 
I 
I 
,I 

P10jec1#:· 9'-i~L 
s,:np1c #: f3)R, Ol 
Ob·ectrve: 

·Test C.011ditions: 

W1 Solids: ~9/0.3 grams 

Wt SolA: 93'o ml.s 

% Solids: 

Grad: 
%Passing 

Target pH: 

Test Record: 

pH a 

Carbon Addcd: ______ '7'lw 
F'mal Caroon Wej.hc tnms 

Total Wt 'QI/ IJd:. ______ gruns 
Mer: ______ .-'74~ 

Mesh 

NaO:Ccnc: ____ lb.Ir NarnWt:~ 

.:--..z:ia 

I r3 
~s.): ~ iqri I ~ 
~ UU 

~ ~ 
,,{ t--r-""'f-=----t:~~-t--;t~;~iu.~~~,.._...-.-.. ....... -+----+-~-:-:--1---~~~~ ....... -( 
€/rL 

~t4: ·~ ~ '---:t--'---'-+-~.u....&.;a,""4---J----+----+---4---1------li----4-----I ~7 l..f I. 
1 . .-: .. ;; C-.1~-) ?rcJ'Volume:....: ---i..+.-..i~---....s..,.a....-.-----.d Wish Volume~: ---,,::rW--:-d>-""--..;....w _____ _ 

{. ~)... H )-r D1)' ,;,idu~ Wci~b....;t: __ .,_.._.~~.-------
~-

11.1 , ~ 'l )-r 



LccO Teimg rtcpon
Di,c a/efi^l

Project?: 94sct>t Sample Description:

Sample $\ &^Q7 -------------------------------------------------------

Objeatve:

Test Condiiions:

Wt SolidcJ(^f>0^ j F>mi Bon1eT*re«tiffl: Q44.7
pams

Wi Solm (, QQO ^ CarbolPAdded: cams
Final Carbon Weight grams

% Solids:

Total Wl w/Lid: grams
Grind: After: ^grains

% Passing Mesb

Target pH: NaCN Cone lbrr NaCN Wu crams

Test Record*

efa

cy/o
(H

6/6
m
e/cz.

*a.
Time

(bn)
PH Eh

(ro'1
pa

NtO>' Added

g-ame

lint Addtd

Sols Removed

(mU)

Initial

Volume
Final

Volume

F;u N»CN

(FiasJWT)

—
LMJIUI'V^"

02(p?a)
>OOi _iiOr> 375

1 1:QD2 JSi&i c>.aV O-ZZJ TZLft CvCnQ /vvr 0« \(o

£ Tocx jfet _Q.-^ 1 Bsa acc (7S7J 0<£=>1 Hlt.ZL
3 1>C]D6 _Q.7J _Q^ tcq.r |.T« o.'n

t:S08 giss «sv?s 3C*1
> 9:054 Kp 0.7*7 o7se> |.>? w

il-'CXX T&X cq.q l/n? Wvf
72 ■iO^-

tr. 7.1 >

zfl3-

72HS.

•zfMfc.
z5\^£
-zg4>
z^qs

ZfW

(. W*.

& W»A Volume:___  _
Piy Residue Weight: lixz*il

f 1/

H.VV<

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

0;.tc: 

Proj~#: q../~ 
Samele#: BfZoz 
Objective: 

TeS1 Conditions: 

Wt Solids:JCCX)~ J gn:ns 

·w1 Soln:___,(,_,..CO::,,~-. .... ' _mls 

S Solids: ___ _ 

Total Wt w/ Lid:. ______ gnms 
Grind: Mer: ,tn m.s 
____ % Pusi.zio.g ____ .Mub 

T.rget pH: __ _ N1~ Cot>c: lb/f ·--- NaOlWc~ 

Test Record: 

;:-.:::.a I pzr.s SolJI Jtcaiowd Jru1laJ final 
"•CS Addc.d l.;mc Addtd (m\s Volutt>, \loh1m, 

Ftr.« ~,CN Di,,~ 

2.- ·.1:-1) ( .. ~ 1 ..... ,.~Pre~Volumc: 

~ W1~ Volume~:---,~=~~....:;.---____:_ 
y . ._1 r IJ /f Dry Rridue Wei11.:h:.=.c_J.:::=:;...,..:_s._~::::__----

l; 
/\\ ,\ I)/"( 



CMRI
Oxidation Testing Report

PROJECT # 

SAMPLE # 

DESCRIPTION 

OBJECTIVE

~FeJtr\r. gnA^tjte 
__ip\A _____

&/l^H 

^-vs c^/!L____

TEST CONDITIONS:
Wt Solids: jLTCk&n™

Wt Solm 
% Solids:

Bottle Tare w/ Lid: \

Total Wt w/ Lid: ____
After.

33°°'
grams

grains
grams

GRIND:
% Passing Mesh

TEST RECORD:

Dele D.y pH Eb
(nv)

Po»t-Filler
(87*0*)

Pre-Filler
(*r»»0

Sola Removed
(a1*) _

H20 Added
i“U)

Rcagcot Added
(graot)

Solutioo
Weight (g)

w: 0 -37C A\ (rA CaS

n- 1 1 4fF IT. £A5\ 75..4JT
ift 2 ‘SVr MTV t^.v ..

3 52S3 \ ?7t__ Ml.t
?„p 4
rj J

6 svf vw.o n*>
73 7 Off ^8(^_ too - ^ -

8 Mn ID'S, Al “3D
7*^ 9 38fcft 10\ ..... ioa_
?£- 10 M7I ^rf Fv?. 7L“3

11 *
1223 13 eje _33i_ _2Xb___
14 ).6s IOH 17^>
13 uzo SfVfZ, G3K
16 4?l
17 2££

__■ 18 r
19 •
20
21 DM| Q7T WPF-, <tfc>
22
23
24
23

\Vo&L>

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CMRI 
Oxidation Testing Report 

PROJECT#: _q___.__,,..:1-~~D-..&~-- 641?(N 
SAMPLE #: ~ ~ 

oESca1PTioN: _]=1_._~-==---~_: _ _,_,S .... \...._)~ ...... M---e.. __ 3_(_0 ....... 3_S~~~A-· ___ _ 
OBJECTIVE: ~t\ ~ \.C') 

TEST CONDITIONS: 
Wt Solid.s: :z.t::ci_~ms 

Wt Soln: \§j<o€Qds ~-
% Solid.s: ----

GRIND: 
% Passing Mesh ---- ----

TEST RECORD: 

l L ""3,C\C0,"2_ 
Bottle Tare w/Lid: \ )~q~ .3 grams 
To~~~~ ~~ _______ .. 

After. grams 

Date Day pH Bh Post-Filler Pre-Filter SolD Rcmowd 

2l 
23 



CMRI
Oxidation Testing Report

PROJECT # 

SAMPLE # 

DESCRIPTION 

OBJECTIVE

M ■

-jf\\rs\rtvtr -_
_ ..pH . . _ ________________

TEST CONDITIONS:
Wt Solids: 'Zr£}\ grams 

WtSolm 
% Solids: 1

Bottle Tare w/ Lid:
Total Wt w/Lid:_______________

After

GRIND:
% Passing Mesh

TEST RECORD:

id
4C-L_

3.ST4.3

grams
grams
grams

Dale Day PH Eh
(®r)

Poll-Filler Pre-Filler
(gramr)

Sole Removed
(«»*)

H20 Added
_ (®t*)_

Reagent Added
(gram)

DWtved
®*<pp®>

Solution
Weight (g)

0 1-Tft 6o4 5pW7 Q4 qM- 3 9.2 J
IT 1 |.7C-i «r?ft S?23- \o\

ic5

Ift 2 I-H7 f>Hh ioe> no
IS 3 ITT 560 .<rtrei $,Sw

ir^ 177s
4 L •
5

77 6 /*?& 331 O ..1OT> "35~
75 7

'rvk
V7> “So

8 p,8o 57^S,TZ 1 C£> lr>T
rt 9 OH S'®? SftTS; Q7 qq
2Z& 10

p.$ ~RSr- IOU
11
12

23 13 5T2 c5fiZ<o oA icT
ITi 14 ys, 'vTZftWT \h\ ^.c<» Z.X-
?>\. 13 \,ZD

44/ Sgso /OV> MO
16

dg£h. S/0 p WL\
7; r ™17 |,P 4rO 4m

18
19
20 T^e j

2.13a
22 /

23
24
23

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CMRI 
Oxidation Testing Report 

PROJECT#: _q_4..__~-~-=--:z_=--=--- ej1sAt 
SAMPLE #: ~ ~ 

nEScR1PTioN: ----~-· _..,..:_..)..__:;_-=~..____.-o-"2:1 ..... ~--e-. .___--s..;;;W=-._,;:~~./......,;:~....;...• ____ _ 
OBJECTIVE: .p t:I 6,. \ ' D 

TEST CONDITIONS: 

Wt Soli~: ~-J- grams 
Wt Sobe~.]_~~ 
% Solids: ----

GRIND: 

3/o-=t<o-3 
Bottle Tare w/ lid: \ ,M4 , Co grams 

Total Wt w/ lid: OT'Ams _______ .o--

A!tcr: grams 

% Passing Mesh ---- ----
TF.STRECORD: 

Dato Day pH Eh Dll■ehed Sohutoa 

2. ju 
22 

23 

24 

2, 

·-------------

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



CMRI
Oxidation Testing Report

PROJECT # 

SAMPLE# 

DESCRIPTION 

OBJECTIVE;

^ S' _____
QAo^-'Af

g/^4

TEST CONDITIONS:
Wi Solids: grains

Wi Sola: 

% SoUds:

GRIND:

1
Bottle Tare w/Lid: 

Total Wt w/ Lid: 
After

i,qoz.<
■5ftoV&

grams
grams

jrams

% Passing Mesh
+er<~\-

Date Day PH Eli

(mv)

Poll-Filter

(gf.mi)

Pre-Fitter

Cveoai)

Sole Removed

(mb)

H20 Added

(mb)

Rcegcol Added

(great)

DatuSved

e*~(pp«gj

- Solution

Weight (g)
®/lrn

0 1 7*7 5.H*-! S,fep><+ trc> /oo
c?iS

11 1 P$\ 5,115' 5ftii 107L
^-v

19> 2 l,n w. 17> ICK

t9 3 \.(7 *4ff1 11 Cz5 1X5"
—M—

4

3

zz. 6 53^ ^•=S (“2J

7 ‘ft* 5TVU !!> |=fc> 3£=>

8 015 \ns lOFS &

9 Ml TO 5114 |C>£>

7(r 10 0,20£WT- ICR-
11

— •'—t-

12
7^\

13 17)1 ' 16

14 1 .o<s> w
f J02_ zj.o

13 /.IS $r£>

-
525.0

<v/ v\ 1« pa SfilB l<5^

|W..
171

18

19

20

<£> 21 |<$ • slxot

22

23

24

23

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CMRI 
Oxidation Testing Report 

PR01ECT ti: --l......l,..J~:::::::::::..!::=------­

SAMPLE #: _.;__..i....:-"-~'---~---~--
D F.S CR I PTI ON: --~~~--_;::s:~-Ll....D,,,,j------\c--3'-==~~~---------

0 BJE cn VE: ---------------------------

TEST CONDITIONS: 
Wt Solids: Zoo,3 grams 

Wt Som: I 1 '\8;) :z.nsi 
% Solids: 

GRIND: 
% Passing Mesh ---- ----

TEST RECORD: 

c--- "!> ,C\o~ ::o 
BottleTarew/Lid: lf)DZ,,.L grams 

Tot.al Wt w' Lid: grams 
I --------• 
After: gra~ 

;\, I ~\C...,., 
f1\....J- \orde-. 

Date Day pH Eta Poll-Ylltcr Pre-Filter Sela Removed 

2l 

23 

24 

2.5 



CMRI
Oxidation Testing Report

PROJECT #.
SAMPLE # R.fe. Cn

DESCRIPTION: H NO ^
------------- -----^—

OBJECTIVE:

TEST CONDITIONS:
W(Solids: 7|0Q\n grams 

WlSola: 'Zpf&.t&g. 
% Solids: 0

Bottle Tare w/ Lid: 

Total Wt w/Lid: 
After

3^CR-,Cb
grams 
grams 
grams

GRIND:
% Passing Mesh

TEST RECORD:
Date Day pH Eh

(«v)

Post-Filter

(grams)

Pre-Filler

(grams)

Sola Removed H20 Added

(mU)

Reagent Added

(grams)

Dissolved

02(ppm)

Solution

Weight (g)
w

0 TT* s.'eoc. ICF*

1 1*ZO 5jg>23.... 114 lol

2 lQC>§6 IZ- 11'Z. IIZ^

n 3 IVh
/SjBzi 5^4

q~v pt:

4 *

3
1

z-C 6 D ?Xq
$£SeDX Sfl 13 II l 1(1 f &£kW

7
b m T£D

5S?T
\o\< TWM

7t 8 0bc> 1H
ioe5 r>1l Id

7fT
9
ox£ 1\5 SFnT 1(3^ W?5^

to "*IL 5ft 16^

It

12
7? 13 3'W861

SKT
3to>

14 V)3i

13

18

17

18

19

20

21

22

23 *

24

23

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CMRI 
Oxidation Testing Report 

PROJECT #: q~;:;c::o&, 
SAMPLE#: R_~, \Q 

DESCRIPTION: t\ ND __ ..;:__~_____,;~-------------------
0 B JE CTT VE: ----~--------------------

TEST CONDITIONS: 
Wt Solids: 2 ~ ¢0\ ,1 grams 

w, Soln: 2.{:{:'{6, ad!~ 
% Solids: ----

GRIND: 
% Passing Mesh ---- ----

TEST RECORD: 
Dat6 Day pH Eb Poat-Filter Pre-Filler Solll Rcmovcd 

(mY) (anm1) {uams) (4111l'X C\ ") 

e/1c.. 0 O.S"~ 1-iq-,. ~~- St\\~ 10--=r 
•/2+- I ~4..~ 1,--zo 5~n <;. (\:!i-:J. 11 '-4 
l~ 2 f\t:::J. 1CI"':) .1\.Rl7 ..:s:qz.4 1/'2 
lq 3 n.~"l ~._., .~B11 -~9(8 9""\-. -?D " LJ ~ 

I 

21 j 

H10 Added Reagent Added Di11olftd SohlllOll 

(mla) (gn1111) 02loom) Wei1tbl <•l 
~~ 
1n1 
112 
q-z 

/ 
? . 

z..7 6:)~ ::fr~ "")"ffi-z.._ ~.913 I I l I (I ~~~k. ~ -=,. 5 ."l-,..( .; 
~ 7 ~-<ol r:J?a .&f,U-,C. I ~·~"14 Io 1..,. 1 ~ ...J 

7Ll- '),ftO ~'"' -~ 
~--- ~:~1\ toeJ .. (9"} a r<.l ..... 

7f; 9 O.G:b +I~ ,::;;;:~~~ 
Jr 1 l "' 5;'(:A lo~ \{)'i:S 

?to 10 D~ --Hl ~\~ ~-')YOCt q3 q+. 
11 

12 

'A D,77- .. ~,\ '. • ~r ~""'-C", 
13 vu ;ii . --. . - 1-_7)( 1-4 

13 

16 

17 

18 

19 

20 

21 

22 
23 

24 
23 



Leach Testing Report

D,„ q/isfrA

Project#:

Semple #: ir<^- €>

Objective:

Stgpl^Deeoiptioa:
__ VCr>«M___

-e

Test Conditions

WtSolidcf |£OQ« eraas 

Wt Solm I, CCT"\ mb

% Solids,________

Grind:
_____ ___ % Passing,

Bottle Tire wy Lid: [^bCX^ ^grains

Cirboa Added:pants 
Final Carboa Wctrihc gams

Total Wtwy Lid:, 
After___

_gnas
jptmt

Target pH:,

Mesh

KaOJCone 1VT KiCNWu .grams

Test Record:

Stage Time

(V?).

pH Eh

(«0

F*a»

N.OJ Added

puts

Line Ad4c4

Solo Removed

(mil)

Initial

Volume

Final

Volume

FruNeOt Dluohtd

03 (ppm)

^713 |0-.^5 IVO

2 II oO 1-0 •• 1.0

—4____
4 35______ ?>.io oHT Dc^h

3fl5L fcccx ?%u, SX

i2ams. o-4o
5. O.C=o

ll'-cou s&a nf\\ ri\W W o.th

T
~r<x*i 10

V

i-.n-fr)

S,S03
3,05.

.ic
b0-

f j Pit g Volume^
c,ov-j^w<A Wash Volume^

Dry Residue Weight: ‘ YjQ I *5

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Lc.oc:l T t~ti.o& R c;.,or1 

Obj~cttve: 

Wt Solids: f j Q;Ds mm.1 

\\'I Soln: I , ◊)::) mls 

Bonle Tare 'N/Lid: l<oo3 cnms 

CarbonAd~~. ______ mw 
F11>al C-arboii Wei~t: crams 

'! Solids:. __ _ 
Toul Wt w/Ud: _______ grims 

Alter: Q'lmJ 
____ % Passi.tl_g ___ ~Mesb 

Tu,et pH: __ _ NaOl Wt:____J;mm 

Tcs1 Record: 

S\aa• TUIIC pH a p.::la pz:is Som Jtcll>OWd JnhlaJ Fu-.ai f1u~•Of 
(hn) ('11\"I ~aCSAdwl Unic Ad~c.4 (mh) Volu.m& Volume (ri.---~ 

9/1~ f0:46 IHO 
2 / / . 0c.,--:. J .o 1~.D-4 .. 1,0 

.-.,- --.,-_ 

• ◄ Yll,"P < D,C\s "s I l I"""') !>I'-1 Oe>r 
<:: •3' ~6 ,C.C:;(. 7' :..,.., -0, 

' 14 /;~ 1-~,.? o.L\o i7,ef-t -:. ~z< ~ b, <b,~ ('),{A') 

" 1<"' Jl:0024 1¢,~\.0 r,.1...~ ()R\ -l Mk. 1.·~ 0 .,'1-l 
j 

~<.:C48 IO,? -
72 

~. ,, , r>., 
f -1<t J Preg Volume: ____________ _ 

(..,,j"''"'J Wash Volume: 
~- Dry Residue Wcig:;b_t:--:_-_:-t:1_.0-... -.... 1-5: .... -,i::~~~::~~~~~-= 
~ 

Dlno!Y'&d 

Ol (pi:,m) 

~ 

'3 



Ltccb Tcidcg Report

D.«

p,oico«: llTOOT .

Sample ft

Objective:___________________

Sar.ple Description:

Test Conditions:

Wt Solids: I pDO grams

Wl Sola: |} QQO mis 

% Solids;

Grind:
% PassingMesh

Target pH:________ NaOJ Coac

Test Record:

Bottle Tare w/ Lid.^ 1)168: grams

Carbon Added: crams
Final Carbon Weight:prams

Total Wt w/ Lid: grams
Aftergrams

Jb/T NiCN Wu crams

I 
I 
I 
II 
I 
I 
I 
I 

I 

II 
'! 

II 

I 
,I 
I 
I 
I 
I 
I 
I 
I 

Due 9) 1--y?t 'f 
P10j~#: 9 4 ~"")1_., 

Sunplc I: \ e+ C\ 
Objec:tivc: 

Test Corididons: 

Wt Solids: l f:rc::> ~ins 

w, Soln: Ii an mls 

$ Solids:. ___ _ 

____ % Pusiii..._g ____ Mcsh 

Tar,etpH: __ _ 

Test Re.cord: 

S-.ap Tun• pK . 

Luc~ To:i.og Rcpon 

Bo11le Tare w/ Lid: l }3:6 "l- mms 

Carbon Added:. ______ puns 
~al Carbon Wel£ht crams 

Toul Wt w/Ud: ______ fT'2:DS 

Mer. auns 

p.= Sehl JhmCMcl Jn.i1iaJ firial Ftu NaOI 
(m" >:1C-: Added Umc A.:ld~ Voh.1oie 

72 

J..', 't .3 
f ·'°'') Pre1Volume:·:;... ___________ _ 
(..o--h,._;'>... Wa.sh Volume: 

/f- Dry Residue Wd~g;..:_h;...;t:-·~~~~\.._
1
-.Jlo,Do_lC.Jl __ -~,-..;...~-,tj~t"'"--::::~~~~ 
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Le2cb Tcsdcg Report
P*15L-9j (d}^1

Simple # ■■

Objective:

Test Conditions

Wt Solide \ jQOC>_. jgntLS 

Wt Sola: \ ■ TDh

% Solids:.

Grind:
% Passing________

Project*: £\L\7*£t>L., Simple Description: —PCf"Al KL

Pi a —, VtrvA -V^sV_Qij-------------------------

Bottle Tart*/Lid: \^lPfcl7-grains ^ ^

Carbon Added:.
Final Carbon Weight:.

jrami
gams

Total Wtw/Lid:. 
After____

.grams
jpnms

Mesh

Target pH; 1 \ ■ 5"
j/k>

KaCSConc CVS^ JMP-~ NaCNWtt .grams

Test Record:

Su|t Tuns

(hn)

pH Es

KiO* Added

puss

Lira* Added

Sola Removed

(®io

lnilll]

Volume

F»r>U

Volume

FjmHiCH

(pvtaJbJT)

Dlnolved

02 (ppm)

10^ 1 • £e£r>

Kv3e> I. O S.*" t •
1.22* &Z.

COO o. i8 I’d .

$•?£>« P35. *a?r O.&V

37s-r*sv A*%-f O'S'ZL ppp 0.48

//*s?w 10,P>

/
7}

- .

382fc
•ssza
3R5?

/.H5 5reg Volume:__
Wash Volume: 

Dry Residue Weight
ycP/f

SZS

G

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Erojtd#: qL\?ffi2. 
S11,,ple #: £>9' J 
Objee1ivc: 

Test Ccndilioos: 

Wt Solich: \ )CC:;() ,srams 

w, SolA: \ )CC{) mls 

IJ»Solids: ~ 
Grind: 
____ % Pusillo..g ___ Mesh 

T,,,er pH: l \ , S-
Tes1 Record: 

Luc~ Tcs:itg Report 

C-arbon Added:. _____ _,mms 
firial Carbon Weipt ,:rams 

ToUl Wt w/Lld:. ______ crams 
Atler. p-ams 

~-+'?~~~~-+~;:--~..L:.....L-4---,,,,-.~4--~-=-4---+---~-=3~: 
,&£~ 

~~IC-:::::;..+~~---+--5;.=;-~~~-+---4--~~~....,,~--J~B~ 
~~~+:--,,~-~~~f---'.-!.._~--+-~~~~:::=...J..----13829i 
t--,--;u,.;-::~..iau&......,_---+--+------+-----4---~~~-.&---J~q:5t 



Ltacb Tcsorg Kcpon

g,,«

project*:
Stmplt *: ir<d~ £?>

Objective:

Simple Description;
__ VC^M___

Test Conditions:

WlSolidE 1 (COO. era ms
Bottle Tare w/Ud: (‘EbCX?'*

grams

Wt Sola: 1»OCV\ mis Carbon Added: grams
Final Carbon Weight crams

% Solidr
Total Wtw/U± _pams

Grind: After _jrams
% Passing Mesh

Target pH: NaCNCone 1WT NaCN Wl- _crams

Test Record:

i
I
I
!

Si«|« Tune

fhn)

pH Eh pal

N*C< Added

F*»

Lint Added

Sola Removed

(mU)

Initial

Volume

Final

Volume

F;u KaCN

fpvnijh^j

Dissolved

02 (ppm)
I0--H5 |9o

2 II. oO J.o 1*3.C*4 •• 1.0

4 $__________
gas ?>.lO 5TFf C*£Ph

3|Ss. yoot die SX
£*£L OMO 7,^- <T?f: O.CmO

as 11-0024 0,7?, oS\ (JfAli |,*4 o.i>
■

# "Z'c04i ja,>

72

5,SG3
rsas

t c
0-
i4

■ } rreg volume:
-jww«A Wash Volume: 

Dry Residue Weight: AIS5

I 
I 
I 
I 
I 
I 
I 
I 
!I 
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I 
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:1 
!1 
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I 

I 
I 
:I 
·1 
I 
I 

Date: 

Pro'ed#: 

Sunplc #: \ C=>T 

Test CoriditioDS: 

Wt Solids: f ,Cl,;)D, mms 

Wt SolA: I , Qc:r:) m1s C..rboD Added: ______ Cl'lms 

F'~al Carbon We;&bc cnm.s 
'lo Solids:. ___ _ 

Total Wt w/IJd:. ______ rmm 
Mer: p-ams 

----~ Pa.ssu,a.g ____ .Mcsh 

Tar,ctpH:. __ _ 

Test Record: 

su,. TUllG pH 

l'hn) 

91,~ 10:~ ,no . 
l II .ex..: 

~-. ~ ~· YJI, l' 

Cl rl~ ~d ,C.'-;,(. 7 
,£:: f14 1:·z.n 'l,t;✓,, .~ 
Cl r,~ Jl'-0024 1~-'½\o 

' rz·OA& IO,°T' 
72 

N:a~Coi,c: ----

Q -..::ia I pa Sole Rcm<Md Jni1iaJ rana1 FtuNaCN 

(111,') ~-~ Addc..d 1.m,c A~c.4 (mli) Volume VoJuina (i;-i.--·-

} .;) ,~.~I .. l,O 
< C),9~ 3.l~ (;). l'-4 0~ 
,/ 

~ ... 
0,40 !7,e,q. -~~ b. l<b,~ ·r5,{,.n -
r,,7~ /J~9\ -~Mk I,~ () :;"l--l . 

~. l~. S,;.) 
f,1<t) PrcgVolumc;~· __________ _ 

(..,,) .... 1..,J Wash Volume: 

[3,-· Dry Residue Wci~:t=· ===1:,o:=1:5:,=1:==========~ 
~ 

Diuol"td 

Ol (11;,m) 

3 
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Project^: qM^gr>7 Simple Description: U~ercV\ (<**':. v\i x° ,

Simple In

Lcacb Testing Report

Objective:

Tert Conditionr

Wt Soli dr \OOQ mm 

Wt Soln:_ .\poo —«*

% Soli dr_

Grind;

Targe! pH;_

% Passing MeA

NaCS’Conc

4t°<kV S

Bottle Tare */Lid: (
grama

Carbon Added: grama
Final Carbon Wcfcbc . era mi

Total Wtw/Lid: garni
A/ten para

lb/T NaCN Wt: grama

Test Record:

Siags Tunc PH Eh 71ns

N»CM Added

pun Sola Removed

(n>U)

Initial

VoJums

final

Volume

FiuS aCN

(pvu&mt

Diuohtd

03 (p?n)T3?~

/
3 II CD 1.0 ^•HC. 1

• • I.O

o» 7.CJ< 0,(A "OTZ7
iia> (0,3/

vil\
O.ZH ^(,<4© 16.Z. \M

8 0,OS~ \'°I7

34 11.0

<8

72

1....
/■■”5 ’regYolume:

Wauh Volume:
1^-- Diy Residue Weight: IQY),'/

if i!»/r

I 
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I 
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D"" q/ r~/14 
P10j"1#: 9t.\;,Q~7 . 
Sunplc -Tes\: \D 
Ob"ective: 

BonJcT,re"iil/1.id: l,fJ;ro cnms 

urbonAd~d: ______ C'lW 

W1 Solids: ),oc;C) pms 

Wt Solo! 11'2::P mls 
f"inal CarboA Wei&ht:. _____ s:nms 

~ Solids:. ___ _ 

Total Wt w/lJd:. _____ _.rn.:ris 
Grind: )Jttr. _______ ~ms 
____ % P&s.1uig Mesh 

TarietpH: __ _ NiC:SConc ---
Tcsl Re.cord! 

S:.aa• TUile pH n ;-s.::ia ~ SolJI lh 121 OVt d lnhlll nnal 'Ftu~a~ 
I (hn) (ni,') >-:10'.Add~d 1.ln,c Add&.d (mis) Volum• Voliam1 (,:-a-··-

'ti/~ ~'F-J ,.~s 
I I 2 l f.co I I.;) ,s,qc; I .. ,.o I 
~ '1,cv4 11_·,~ fi:V,,., o~ .. 7,L.."-. o,t-ii I~,,_..../ ~,~-...... 

IC r/14 j:2(")6 '"'·¾ ":\ Q.2. '- 1.4B 1-.s,z__ \, G::,'-{ () .-=Ko 
IC 1/1~ a (1.D e,.o·~ . I ~ f.A.k L9? o.~< . 

\1.0 24 

"' I 
72 

I<·. ~ _;," 
/ _.,, j . Prcg'VoJumc.::...· __________ _ 
L-> ... J ... ...J Wash Volume: 
L;!-•· D,y Residue Wdg;;..;.bt:-· --,-, ccf'i---,-41------

l ,'tJ 1~' /1 

"-·• 

:Ou•olvtd 
Ol(p;uri) 
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. t:_S AC^,;

Piojtg": q^^OQ-^ Sir.olt Description: ts^StAoe^ Wr*vA 1 iT* \x

Simple <?: ,R> R Sfe \ \
Tr^ -1

Objective:

Test Conditions:

^ Solids:'ZRS mcs
Bottle Tare ngfcM: ^

S5Z,

WlSoln: mk Carbon Added:

•r*4***

CTSM

S Solids:
Final Caj bon Wcithe ___ Craa*

Total Wt w/Lid: _F*ta*
Grind: After _S7*ns

%-FlSJifli?. Me«b /

TsrgetpH: U*&5~ NbCCCenc Tk/T KiCNWl-
runs

Test Becord:

Siji Time I pH 
fk*0 1

Eh

(*'7
r*=»

X»CN Aided
pre=»

list Added
Sots Remold

(a> b)
Initial

VoJuo*
Flr.jJ

Votuma
RjuS.CN

(pamJWT)
Dinolvid

02 fBjffit
1
2 ■orsr

• • •

D.-ts
l/.s OAK 0.53 0,03 4-24 0.<oO

'<1W0» 2SI b.OT- o.^F OQD O ,M-\
Mhr l&^pn

hvi?-
0.01 O.c^c. <?>oc> ^,5*-

g:ctM -^liC ©« 1 *Z» 0,5* O.oO H.ofe o,^\
72

X'.

8^
8^
83c

WashVolune: CoMO
Dry Residue Weight; ^4^

0 -

/

'I 
I 
I 
I 
I 

Objeaivc: 

Tt.51 Collditior.s: 

Vil Solids: ?33 
I w,Som: z.B3 

-- • , .,. ~ t ! _ g .'- C j-''-, ~ 

Bottle. Tue .aat 7 C'oq 55?.., 

-~ ~rbcD Added:. _____ .A,171:-.s 

I ·.·~Solids: SO . rl:lal D.JboA Wci'1ii: J:T1mJ 

I 
I 

',I 
II 

I 

~ . . 

I ~Mfk:. 

I 
'I 
I 
I 
I 
I 

Toul Wt w/Ud:. _____ pcs 

------=-:-=----___ % Pa.s:sll)A,,;g . ___ M.c.!.ll 
Afttr. ______ s;rn,.s 

I 

~~,r Na~Wc~ 

Test Re.eord: 

s-.. ,. 
7\=c I pH n -~ I~ So~Rt111~d Jnitlll fir.al 11u.~,CN t>iuolv:.d 
()-.'"I} (ni,'\ >:•~ Add~ ll::>1 At~c.4 (~b) Vo>umc Voluzna Cr -··~:IT] 02 (p,,t) 9/~ 1 R.t,.,. 

211.1 ..... 1 I 0,2L4 I .. 
. JO;~ r,.-1/ I().~\ 

rz:'4D e r1,. s- 0,\\ 0.5'3 0,Q) It • :;>(, I O.<oo 
'2.,:a./Oa 10~1..~ D.n-:\, o."l:t o.Q) 1. •• '5' 0.&H ~Yhr ,o.·~2, ~-½.< 0,0t {) (,...C.. 0,c:::J::) ILf,~ t).t~Y 
~:Q), ~-o/.1., O, I -Z... D,'S~ li-':,_n,"") "\.~ o.~ 

7l 

!.-. ~ . .,__~ 
0 r '{ 1) Prtg VohlQC:-:..." __ ...,J.l_s ... ·z._'---____ _ 

L-,~ ... J Wa.shVoJuce: ~9Q 
~ D:y RuidgG Wtlg;;.:.hc-· __ 2.;.;...S..:.;:~~4-..... 0------=--: 
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